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Executive Summary

The Residential Lead-Based Paint Hazard Reduction Act (Title X) required the U.S.
Environmental Protection Agency (EPA) to conduct a study of lead exposure resulting from
renovation and remodeling (R&R) activities (the R&R study). The information obtained from the
study is to be used primarily to help determine which groups of people require training,
certification, or educational materials because of the potential lead exposure associated with R&R
activities they perform. This report presents the results of one of the principal data collection
efforts in the R&R study: the Environmental Field Sampling Study (EFSS). The EFSS, through
the collection of environmental measurements, assessed the amount of disturbance and potential
exposure to lead that resulted from selected R&R activities. The monitored activities included
both specific R&R activities, such as carpet removal and window replacement, as well as
miscellaneous generic activities such as drilling, sawing, cacugreparation (sanding, paint
scraping, etc.). Environmental samples collected in the EFSS included over 90 personal air
samples taken within the breathing zone of R&R workers as they performed specific R&R
activities, and over 500 samples of dust that settled on building surfaces within a specified period
following completion of an activity.

Worker exposure was assessed using the airborne lead levels from each worker's
breathing zone, as measured by a task-length average (TLA) exposure. A worker's TLA
represents average airborne exposure for the worker during conduct of the. atheitgverage
TLAs were high during the conduct of many of the R&R activities, exceeding the OSHA
permissible exposure limit of 50 pg/m for four of the R&R activities. Average TLAs were
greater than 100 pgfm for paint removal, interior demolition, and sawing, and greater than 49
ug/m? for interior surface preparation and central heating system maintenance/repair. Exposures
resulting from drilling, carpet removal, window rapément, and exterior surface preparation
were considerably lower (below 20 pg/m). The TLA exposure for each activity (as estimated in
the EFSS) can be combined with worker profile information (available from outside sources) to
characterize worker exposure.

Potential exposure to building occupants was assessed using the dust samples collected
by vacuum techniques from stainless steel dustfall collectors placed at specified distances from the
activity. Lead loadings from these samples were measured as indicators of the amount of lead
disturbed by an R&R activity and available for exposure to occupants. With the exception of
carpet removal and drilling into plaster, all activities monitored in the EFSS deposited significant
amounts of lead, ranging from 328 pg/ft for sawing lead-painted plaster to 42,960 pg/ft for paint
removal. Paint removal, demolition, sawing, and disturbing central heating system ductwork were
more likely to cause airborne lead to scatter and settle over a widespread area, while window
replacement and tling confined the disturbed lead to a smaller area. While simple broom and
shop-vacuum cleanup substantially reduced the total amount of lead available to occupants,
cleanup efficiency declined as the distance from the activity increased. In addition, the average
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amount of lead following cleanup often remained above 100°ug/ft , the current EPA guidance
level for floors. The estimates of lead amounts within settled dust presented in this report can be
linked with information on types and durations of activities, types of work practices and cleanup
activities, and human health effects to provide a more complete characterization of occupant
exposure associated with R&R activities.
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1.0 INTRODUCTION TO THE OVERALL RENOVATION
AND REMODELING (R&R) STUDY

On October 29, 1992, the United States Congress enacted the Residential Lead-Based Paint
Hazard Reduction Act (Title X of HR 5334). This includes Title IV of the Toxic Substances
Control Act that requires the U.S. Environmental Protection Agency (EPA) Administrator to
conduct a study of lead exposure associated with renovation and remodeling activities. In
particular, paragraph (2) of Section 402 (c) states:

The Administrator shall conduct a study of the extent to which persons
engaged in various types of renovation and remodeling activities in target housing,
public buildings constructed before 1978, and commercial buildings are exposed to
lead in the conduct of such activities or disturb lead and create a lead-based paint
hazard on a regular or occasional basis.

EPA conducted the above study, hereafter referred to as the Renovation and Remodeling
(R&R) study, from 1993 through 1995. Results of the R&R study are documented in three
separate reports:

° "Lead Exposure Associated With Renovation and Remodeling Activities: Summary
Report”
° "Lead Exposure Associated With Renovation and Remodeling Activities:

Environmental Field Sampling Study," a technical report on environmental
measurements of lead associated with renovation and remodeling; this report also
includes the results of the literature review and a summary of data collected from
other extant sources; and

° "Lead Exposure Associated With Renovation and Remodeling Activities: Worker
Characterization and Blood-Lead Study," a technical report on blood lead levels and
work practices of renovation and remodeling workers.

Chapters 1 and 2 of this report include a discussion of the overall design of the R&R study
and the complementary roles of its two principal data collection efforts: the Environmental Field
Sampling Study (EFSS, or Environmental Study) and the Worker Characterization and Blood-
Lead Study (WCBS, or Blood-Lead Study). Subsequent chapters deal with the design,
implementation, and results of the EFSS.

1.1 OBJECTIVES OF THE R&R STUDY

The overall or programmatic objective of the R&R study was to determine which groups
of people doing R&R work require training, certification, or educational materials because of their
potential lead exposure. In direct response to the scope of work outlined in the legislation, the
study was designed to satisfy two primary technical objectives:
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1. Determine the extent to which persons engaged in various types of R&R activities in
target housing (i.e., housing constructed prior to 1978), public buildings constructed
before 1978, and commercial buildings are exposed to lead.

2. Determine the extent to which persons engaged in various types of R&R activities
disturb lead and create a lead-based paint hazard, on a regular or occasional basis, to
building occupants or other exposed individuals.

1.2 SCOPE OF THE R&R STUDY

The broad scope of the study mandated by Title X made it an arduous task to design and
implement the R&R study. The study required multiple field studies and decisions concerning
priorities, focus, and representativeness. This section presents the final decisions on key
definitions and delineation of scope. Chapter 2 provides insight into how these decisions were
made.

1.2.1 Definition of Renovation and Remodeling

In accordance with the United States Census Bureau's C-50 report, "Expenditures for
Residential Upkeep and Improvement” (U.S. Census Bureau, 1987), remodeling is defined as any
construction-related work on an existing property intended to either maintain or improve the
property. In addition, the work must be on items permanently attached or firmly affixed to some
part of the house or property.

The major components of remodeling include:

® Maintenance (painting, papering, floor sanding, furnace cleaning or adjustment, etc.)
® Repairs (plumbing, heating, electrical work, etc.)

® Additions and alterations (adding a wing, room, porch, deck, shed, basement, fence,
driveway, etc.)

® Major replacements (bathroom, kitchen, roof, water pipes, central heating system,
siding, etc.).

Renovation is defined as work on an existing property intended to make a major
improvement in the property.

1.2.2 Components of the Scope

The scope of the study mandated by the Title X legislation called for an assessment of the
lead exposure for different categories of:

e Individuals (specifically R&R workers, building occupants, and other exposed
individuals)
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® Environments (specifically private housing constructed before 1978, public buildings
constructed before 1978, and commercial buildings)

e R&R activities.

Private housing constructed before 1978, knowtauigget housingrepresented one category in
which lead exposure was to be assessed, while public or commercial buildings were placed into
one of two additional categories, according to whether or not children regularly inhabited the
buildings. The types of activities considered in the R&R activities segment are discussed in the
following section.

1.2.3 Specification of R&R Target Activities

The EPA assembled a list of R&R activities associated with lead exposure. This list was
developed as a result of more than 200 contacts with other government agencies, lead poisoning
prevention experts, industry representatives, labor unions, and other concerned groups. At a final
summary meeting on April 16, 1993, in Washington, D.C., with a number of these contacted
individuals, the EPA obtained data and subsequently defined eleven categories of R&R activity
with potential for lead exposure that could be addressed by this study. These categories,
subsequently callerget activities were:

Paint removal

Surface preparation

Removal of large structures

Window replacement

Enclosure of exterior painted surfaces (i.e., siding)

Carpet or other floor covering removal

Wallpaper removal

HVAC (central heating system) repair or replacement including duct work
. Repairs or additions resulting in isolated small surface disruptions
0. Exterior soil disruption

1. Major renovation projects involving multiple target activities.

RBOO~NOOR~WNE

There were several reasons for choosing HVAC repair over plumbing or electrical work as a
target activity. First, both plumbing and electrical work were believed to often only disturb small
areas of painted surfaces. Second, disturbance of lead in pipes, joints, and soldered connections
was considered out of the scope of the study, which was focused on lead-based paint hazards.
Finally, there was concern that furnace ductwork could be a significant reservoir for large
amounts of lead dust.

1.3 APPROACH
The initial phase of the R&R study involved an extensive literature review and
information-gathering process. This process uncovered the currently available information on

lead exposure related to R&R activities. It also helped in decision making concerning the focus of
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the study. The results of this process are presented in Chapter 2. The major conclusion of the
literature review and information gathering was that, with the exception of paint removal,
insufficient information was available for an exposure assessment of different categories of R&R
activities. As a result, new data collection was required to address study objectives. This section
discusses the approach to new data collection.

1.3.1 Blood-Lead Measurements Versus Environmental Measurements

The existence and extent of lead exposure created by R&R activities may be assessed
either by blood-lead or environmental-lead measurements. Once the need for new data collection
was identified, the R&R design team considered the advantages and disadvantages of each
approach. A study assessing blood-lead concentrations provides for direct measurement of an
internal (absorbed) dose of lead. However, blood-lead concentrations can be explained not only
by recent exposure but also by historical exposure and by many secondary factors (such as age,
nutrition, and smoking). A study assessing measurements of lead in the environment (dust, air, or
soil) makes a direct link between R&R activities and measurements of lead disturbance.

However, these measurements serve only as estimates of the amount of lead available for potential
inhalation or ingestion, therefore representing only a potential internal dose to humans.

An optimal study design would involve measuring worker and occupant blood-lead
concentrations and environmental-lead levels before, during, and after R&R activity. However,
measuring blood-lead concentrations before and after an activity was not feasible for ethical and
legal reasons. Measuring environmental lead levels before and after an activity was complicated
by serious recruitment and liability problenmechuse of the desire to target typical R&R jobs in an
unregulated environment.

The approach taken for this study circumvented these problems by defining two principal
data collection efforts: one characterizing environmental lead disturbance resulting from R&R
activities and the other focusing on the effect of R&R activity on worker blood-lead
concentrations through a retrospective study. A third effort, currently in the design stages, will be
a retrospective study to evaluate the impact of the conduct of R&R activity on elevated blood-
lead concentrations in children. This effort will be conducted jointly with the University of
Wisconsin and the State of Wisconsin Public Health Department.

1.3.2 Data Collection

Environmental Field Sampling Study

The first principal data collection effort of the R&R study was the Environmental Field
Sampling Study (EFSS). In it, environmental measurements were taken to assess the relative
disturbance of and exposure to lead associated with selected R&R activities. Activity categories
that showed the greatest measured amounts of lead exposure were assumed to be the primary
contributors to any potential health effect.
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The focus of the EFSS was on monitoring specific Ri&Rvities An alternative
approach was considered, namely to monitor specific R&Fker groupsas they performed
their normal duties with whatever mix of activities was encountered. The decision to focus on
activities rather than specific worker groups was supported by all representatives who attended
the April 16, 1993, study design meeting in Washington, D.C., described in Chapter 2. The
primary reasons for focusing on activities were that:

1. Afocus on activities provided the best understanding of exactly what was causing the
lead exposure.

2. Afocus on activities was the most efficient way to assess a wide variety of R&R
worker groups. Exposure estimates based on worker groups would be applicable only
to the monitored groups. Exposure estimates based on specific activities, on the other
hand, could be combined with worker profile information for any given worker group
to assess that group's exposw¥orker profile information includes information on
the types of activities workers conduct, the type of work practices and worker
protection they use, and the percent of time they work in buildings with lead-based
paint.

3. Exposure estimates based on R&R activities provide information useful in the
development of subsequent guidelines for the conduct of R&R.

The data collection effort for the EFSS included six of the 11 target activities: removal of large
structures (demolition), window replacement, carpet removal, HVAC repair or replacement,
surface preparation, and repairs with minimal surface disruption. Paint removal was excluded
because exposure associated with paint removal could be assessed from the literature. Exterior
siding, wallpaper removal, and exterior soil disruption were excluded by consensus, because the
study design team and the individuals consulted in the information-gathering phase considered
these target activities to be of secondary importance. It is possible that inferences about exterior
siding and exterior soil abatement may be made from professional judgment and comparison with
other activities. Wallpaper removal is an activity conducted primarily by painters who were
assessed based on other activities they perform — most notably surface preparation and paint
removal.

The EFSS was supplemented by an extensive search for extant data that could be used
either to fulfill data requirements for a specific activity or to confirm results obtained in the EFSS.

Worker Characterization and Blood-Lead Study

The second principal data collection effort of the R&R study was the WCBS. The WCBS
involved collecting questionnaire information and blood-lead measurements from R&R workers
to 1) characterize blood-lead concentrations in specific worker groups, 2) determine if specific
worker groups or specific R&R activities are associated with increases in blood-lead
concentrations, and 3) collect information to be used to develop worker profiles. The WCBS was
intended to obtain information independent from the EFSS that would provide a direct measure of
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effects on worker health and to validate the results of the EFSS. Target R&R activities examined
in the WCBS included removal of large structures (demolition), window replacement, carpet
removal, HVAC repair or replacement, and paint removal. Post-activity cleanup was also
considered.

Figure 1-1 shows the design and coordination of the R&R study. This report presents the
technical results of the EFSS (right-hand side of Figure 1-1). As the figure indicates at the

bottom, the results of the EFSS and WCBS are integrated in the Summary Report for the R&R
study.

1.4 PEER REVIEW

RENOVATION AND REMODELING STUDY

Delineation of Scope; Literature Review and Information Gathering

Worker Characterization and Blood- Environmental Field Sampling Study
Lead Study (Blood-Lead Study) (Environmental Study)
Large R&R Target
Identify worker groups Projects with Activities
and recruit workers Multiple Activities

Decision on Assessment Method

m Professional judgment
Collect blood samples and m Literature

questionnaire information m New field studies .
— Controlled designed field study
— Monitoring field study

Use of other extant data sources

Characterize workers.
Develop relationship between . .
blood lead levels and activities Develop relationships between
activities and measurements of

lead in the environment

WCBS EFSS
(Blood-Lead Study) (Enwronmental Study)
Technical Report Technical Report

R&R Summary Report

Figure 1-1. Overall Design Structure of the Renovation and Remodeling Study
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This report on the Environmental Field Sampling Study (EFSS) was reviewed
independently by members of a peer review panel. Comments which are important for
interpreting the study results or which resulted in important modifications to the report are
discussed below. All peer reviewers recommended publishing the report with minor revisions.

A primary concern for a number of reviewers was the limited sample sizes in the EFSS
study. A separate section which discusses data gaps and data limitations is included in the report.
In addition, the sample size consideration has been highlighted through characterization of the
EFSS independent monitoring jobs as case studies and through judicious use of language such as
"potential for disturbing significant amounts of lead during R&R activities" that do not overstate
conclusions that can be drawn from this data. Sample sizes are discussed and documented
throughout all reports.

Related to the sample size issue was concern over the number of statistical analyses
conducted and the exploratory nature of some analyses. Additional cautionary language was
added to the reports to warn of exploratory analyses, the effect of multiple statistical comparisons,
and the limitation of small sample size on the ability to detect statistical significance.

Another concern expressed by reviewers was the relevance of abatement data to an
exposure assessment for R&R workers, and similarly the effect of using trained abatement
workers for some of the work conducted in the EFSS. Several sections of the EFSS report
address these concerns directly. Section 2.1, Relevance of Information on Abatement, and
Section 2.2, Characterization of Renovation and Remodeling, discuss the differences between
abatement work and renovation and remodeling. Section 5.0, Overview of Recruitment,
addresses the criteria applied in the EFSS for accepting jobs and workers as representative of
typical R&R work. Professional abatement workers in the EFSS did wear respirators and follow
abatement personal hygiene procedures to protect themselves. However, they did not follow
standard abatement procedures, such as use of wet methods, and were instructed to perform the
tasks as they are typically conducted in an unregulated environment. For example, demolition
was conducted dry with hammers and crow bars, and sawing was conducted dry with a circular
saw and no HEPA attachment. Since no dust minimization procedures were used, the work was
considered representative of typical renovation and remodeling work. On the other hand,
available data sources from professional abatement work that did involve dust minimization were
not included in any data summaries.

Several comments related to clarification of the terms "surface preparation” and "paint
removal." Although there is certainly overlap between the two activities, there was general
concurrence among all parties consulted during the design of the study that it was important to
distinguish between the two activities. These terms are defined throughout the report to make as
clear as possible the exact type and duration of activity that took place.

Concern was also expressed over the inability to collect both blood-lead and environmental
lead measurements from the same group of workers and/or occupants. Human subjects review,
for both ethical and legal reasons, would not allow measuring blood-lead concentrations for
occupants (young children) before and after conduct of an activity that was suspected of causing a
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hazard. For workers, the difficulty in this study weasruiting typical R&R workers operating in

an unregulated environment. For this group of workers, employers were very reluctant to
participate even as the study was conducted. Contractors were concerned over lawsuits by
workers in the event that the study revealed a worker's blood-lead increased as a result of a
specific job they were assigned to. We had very few contractors participating in either phase of
the study. Employees participated in the WCBS largely because of either their own interest or the
interest and encouragement of their national and local union. Gaining access to work sites for
environmental and biological sampling would have required participation of the contractors,
homeowners, and workers. If such sampling was conducted under forced cooperation, then the
results may have been biased. If the study had focused on lead abatement workers this may not
have been a problem, but with a focus on typical R&R workers who were not, at the time of this
study, using worker protection practices, there were many problems recruiting contractors to
participate. In short, the difficulty in recruiting contractors was in getting at the population of
interest: unregulated R&R workers not specializing in lead abatement.

One reviewer requested more information to show that the QC data are consistent with the
statistical analysis applications and results. As a result of this comment, more documentation was
added to the reports, including references to appendices and quality assurance project plans.

EPA has established a public record for the peer review under administrative record
AR152, “Lead Exposure Associated with Renovation and Remodeling Activities Peer Review.”
The record is available in the TSCA Nonconfidential Information Center, which is open from
noon to 4 PM Monday through Friday, except legal holidays. The TSCA Nonconfidential
Information Center is located in Room NE-B607, Northeast Mall, 401 M Street SW, Washington,
D.C.
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2.0 LITERATURE SEARCH AND INFORMATION GATHERING

The initial phase of the R&R study involved an extensive literature review and
information-gathering process. This phase, conducted in concert with the development of EPA
guidelines for R&R ("Reducing Lead Hazard When Remodeling Your Home"), had three primary
objectives:

1. Define and characterize R&R and its component activities.

2. Collect the available information concerning human lead exposure and environmental
lead hazards resulting from R&R activities.

3. ldentify any data sources that could be used in this study’s assessment of lead
exposure and hazards related to R&R.

The goal of the information-gathering process was to identify and thoroughly examine the
sources of information regarding lead exposure during R&R activities. This chapter presents the
methodology, findings, and the conclusions of the literature search and information gathering
phase.

2.1 RELEVANCE OF INFORMATION ON ABATEMENT

Early in the process of gathering information about R&R activities, it was decided to
exclude information developed during lead-based paint abatement. This exclusion was a difficult
decision. A number of R&R activities are conducted during abatement (e.g., paint removal and
window replacement), and comparable worker populations perform both abatement and the R&R
activities. Moreover, considerable information is available in the scientific literature on the human
lead exposure and environmental lead contamination resulting from implementation of various
abatement strategies. However, there were some important differences between R&R and
abatement that impact the relevance of abatement results.

The work practices associated with abatement are likely to be considerably different from
those associated with R&R activities. It is recommended that abatement workers wear protective
equipment (e.g., respirators) during the activities that disturb lead, and that the disturbed lead be
contained by spreading and taping into place polyurethane sheeting. The procedures employed in
abatement were developed to either minimize the lead dust generated (e.g., misting) or restrict its
spread outside the immediate area (e.g., via vacuum attachments). Abatement often includes
extensive cleanup procedures, such as wet-mopping the area with a detergent solution of 5%
trisodium phosphate (TSP), then vacuuming with a high-efficiency particle accumulator (HEPA)
vacuum. In addition, abatement workers, by definition, operate more frequently and
knowledgably in a lead-contaminated environment than do R&R workers. Both their training and
awareness of the hazards of lead are usually more advanced than that of workers performing
strictly R&R activities. Therefore, their blood-lead concentrations and the environmental lead
generated by their activities are not representative of general R&R workers and their activities in a
non-abatement environment.
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2.2 CHARACTERIZATION OF RENOVATION AND REMODELING

The first objective of the information gathering phase was to characterize R&R, thereby
defining the scope of the study and the activities to be examined. The questions to be addressed
included:

What is renovation and remodeling?

Who performs it and what procedures do they employ?

Is there a recognized lead hazard from such activities?

If so, what activities have been identified as producing a hazard?

To answer these questions, the available literature was examined and prominent individuals in the
field of lead exposure (both residential and occupational) and within the R&R industry were
consulted. The primary goal was to obtain data on lead exposure to workers and occupants (as
measured by body-lead burden) resulting from R&R activities. If such data were unavailable,
information on environmental lead contamination was sought.

A comprehensive list of individuals or groups currently involved in lead research and
policy making from national committees, major trade industries, published authors, federal and
state agencies, academia, and medical institutions was compiled. People on the list were
contacted by telephone or personal interview. Target activities and worker classifications
associated with R&R were drafted by sorting through the literature and the information and
perspectives offered in the many phone calls and interviews. After more than 200 interviews were
completed, a final summary meeting was held on April 16, 1993, in Washington, D.C. with a
number of the contacted individuals. From this meeting, a general concurrence on the scope of
R&R and its component target activities and worker classifications was reached. The resulting
characterization and definition of R&R target activities to be considered was presented in Section
1.2.3.

In addition to defining R&R and its component target activities and classifying the
workers who perform these activities, the actual work practices involved in R&R needed to be
identified. Many of the contacts from national trade unions and government agencies stressed the
need to focus on "typical" R&R practices. They also stressed their belief that abatement practices
would not be representative of typical R&R practices. Although no information was identified
that directly described actual R&R work practices, some information concerning guidelines for
performing R&R work was uncovered. The National Association of Home Builders (NAHB) has
produced guidelines entitled, "What Remodelers Need to Know and Do About Lead — An
Interim Guide" (NAHB, December 1992). These guidelines parallel the HUD Guidelines for
Evaluation and Control of Lead-Based Paint Hazards in Housing (U.S. Department of Housing
and Urban Development, July 1995). Information concerning typical work practices was targeted
for collection in the WCBS component of the R&R study.

Finally, the parties attending the Washington meeting prioritized the identified R&R target
activities according to the need for data collection efforts to assess the lead exposure or
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environmental lead hazard generated. As a result, the following activities (listed in no particular
order) were chosen for new data collection as part of this study:

e Carpet removal

e Window replacement

® Removal of large structures (demolition)
e HVAC work

® |solated surface disruptions.

2.3 REVIEW OF THE AVAILABLE LITERATURE

The second objective of the information gathering phase was to thoroughly explore and
understand the existing body of information concerning the relationship between renovation and
remodeling and lead exposure, and to identify any data that could be used to assess this
relationship. Beginning with the individuals asked to define R&R, a search was performed to
identify published reports, papers, data, or other individuals or organizations that would provide
information on lead exposure or hazards associated with R&R activities. This method of
information gathering was pursued until no previously unidentified sources were uncovered.

In addition to soliciting opinions and information from interested parties, an extensive
literature search was undertaken. The search covered all information published in the last 15
years pertaining to the lead exposure of occupants, R&R workers, activities, R&R methods within
an activity, R&R in industry, and R&R in the military. Using the on-line library search system,
DIALOG, journals available through MEDLINE, NTIS, Engineering Information, Enviroline,
Pollution Abstracts, Occupational Safety and Health, and other sources were examined for
information relating to lead exposure and renovation and remodeling. More than 500 potentially
relevant articles were identified.

From this search, it was confirmed that literature directly discussing lead hazards or
exposure created by R&R activities was limited. Only 12 articles focused on renovation and
remodeling. Moreover, there appeared to be no definitive lead exposure study examining R&R
activities. In fact, all references to R&R activities were either secondary or anecdotal. For
example, four articles described case studies of individuals suffering from elevated blood-lead
levels during renovation of their homes. Overall, however, these twelve articles did provide
evidence of lead elevations in both body burden (blood) and environmental media (dust, air, and
soil) resulting from R&R activities.

On the other hand, there was a significant body of literature discussing R&R-related
activities, such as lead abatement. Approximately 20 such articles and reports were identified,
providing detailed information about the association between disturbances to an existing lead
reservoir (e.g., lead-contaminated soil or lead-based paint) and environmental or body-burden
lead levels. As was indicated in Section 2.1, the activity performed and the actual work practice
in an abatement are likely to be different from that of R&R. In fact, an argument could be made
that exposures measured during an abatement activity represent either a best- or worst-case
scenario when applied to the same renovation and remodeling activity. They could represent a

2-3



best-case scenario because of the extensive precautions taken during abatement work. They
could represent a worst-case scenario because of the amount of lead disturbed during an
abatement. Therefore, only to the degree that an abatement activity is considered "similar” to a
typical R&R activity would the abatement literature prove useful in evaluating the lead hazard
associated with an R&R activity.

Despite the scarcity of directly relevant literature, there did appear to be a consensus that
R&R activities can produce both body-lead burden and environmental lead contamination. In a
longitudinal study of blood-lead levels in neonates, Rabinowitz and Needleman note that "infants
residing where lead paint is being resurfaced (as typically performed) may be at special risk of
increased lead exposure” (Rabinowitz et al., 1985). The Center for Disease Control and
Prevention's (CDC's) publication, "Preventing Lead Poisoning in Young Children," reports that
"many cases of childhood lead poisoning that result from renovation and remodeling of homes
have been reported” (Centers for Disease Control and Prevention, 1991). The Department of
Health and Human Services' (HHS') "Strategic Plan for the Elimination of Childhood Lead
Poisoning," cites as priorities for lead abatement "homes with lead-based paint that are being
renovated and remodeled for other reasons” (U.S. Dept. of HHS, February 1991). Dr. Julian
Chisolm, a respected doctor involved in childhood lead research, and other contacts, expressed
their personal opinion that R&R activities are responsible for elevated blood-lead levels in many
middle-class children. Renovation and remodeling activities, by their very nature, have the
potential to disturb existing reservoirs of lead (e.g., intact lead-based paint, lead dust-
contaminated carpet). Once the disruption occurs, the lead is available for contamination of
workers and residents. This fact, along with the acknowledged link between environmental lead
levels (especially dust-lead levels) and blood-lead concentrations, leads to a recognition that R&R
activities are a possible source of lead exposure to both children and adults.

A debate arises, however, when assessing which R&R activities produce a lead hazard.
Upon closer examination of the literature, the activity cited most often as responsible for lead
exposure and hazards is lead-based paint removal. Even industry sources (e.g., the National
Association of Home Builders) concede the hazard of paint removal. However, some literature
sources claim that other activities such as surface enclosure or component removal generate a
non-significant lead hazard. In fact, this dichotomy is fairly complete: lead-based paint removal is
widely recognized as generating a lead hazard, but other R&R activities are only sparsely
addressed. For example, the NAHB suggests that "while remodeling and lead abatement tasks
other than paint removal may generate small amounts of airborne lead dust and paint debris, with
proper cleanup they represent a minimal hazard to workers and occupants” (NAHB, December
1992). Within the literature, R&R activities have been effectively characterized into two groups:
paint removal and everything else.

Chemical stripping, surface sanding, and heat gun stripping are procedures usually used for
paint removal. All are widely acknowledged to generate a lead hazard in the presence of lead-
based paint. There are numerous studies of lead poisoning of construction workers employed at
removing lead-based paint. The HUD Abatement Demonstration Study found unacceptably
elevated levels of personal exposure to airborne lead for workers removing lead-based paint with
heat guns, despite temperature controls to prevent vaporization of the paint (U.S. Dept. of HUD,
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1991). Industry also concedes the problem as reported in the NAHB guidelines entitled, "What
Remodelers Need to Know About Lead" (NAHB, December 1992). The evidence from the
literature and the broad consensus suggests that additional studies of paint reliyoeld hitle

new information on this activity's potential lead exposure to workers and occupants.

Few references address lead hazards or exposure associated with the other renovation and
remodeling activities, and the information is insufficient for assessing the hazards presented in
R&R activities other than paint removal. A National Institute of Safety and Occupational Safety
and Health (NIOSH) evaluation of the lead hazard produced during the HUD Abatement
Demonstration Study found that "less than 5% of the personal exposures to lead measured for ...
enclosure and replacement methods, and none of the exposures for encapsu@atieaded the
OSHA PEL of 50 pug/f " (NIOSH, February 1992). These figures were for abatement methods,
however, not for typical R&R methods. Conversely, an abatement study conducted by NIOSH
evaluating the hazards associated with cleaning up lead-based paint found that short-term personal
exposure levels met or exceeded the OSHA hit.in 16 of 36 workers. NIOSH reports that
"... the results of the study are of interestduse many construction workers potentially perform
similar activities during renovation" (NIOSH, Ohio University, May 1993). Additionally, the
Comprehensive Abatement Performance (CAP) Pilot Study reported elevated dust-lead levels
resulting from extensive renovation (including large surface demolition and plumbing installation)
of a formerly abated housing unit (Battelle Report to USEPA, September 1994). A two-year
monitoring study of lead exposure in infants found "home refinishing" as a contributor to dust and
blood-lead levels (Rabinowitz et al., 1985). The specific activities that constituted home
refinishing were not thoroughly discussed, but activities other than exclusively paint removal were
considered. Therein lies much of the reason for the scarcity of information about other R&R
activities. Discussions of R&R activities in the literature focus on the source of the lead hazard,
not the activities that contribute to that hazard. Since many R&R activities occur within the
residence, lead-based paint is usually identified as that source. Any information about the
activities is anecdotal. The lead hazard or poisoning documented in case studies may be caused
by activities other than paint removal, but details are not available. It was concluded, as a result,
that the lead hazard or exposure from renovation and remodeling activities other than paint
removal cannot be assessed from the literature alone.

2.4 REVIEW OF AVAILABLE DATA SOURCES

Since the literature search yielded little information concerning the lead hazard associated
with R&R activities other than paint removal, a comprehensive search was undertaken to uncover
any existing sources of data that might relate a specific R&R activity to the lead exposure
presented by that activity. Starting with the contact list compiled earlier and likely resources
identified in the literature, a list of potential data sources was created. This list included
individuals from special interest groups in the construction industry, independent researchers, the
U. S. military, public housing authorities (PHAs), and other government agencies. To ensure a
comprehensive search, individuals who were contacted were asked to identify possible data

" Permissible exposure limit.
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sources or individuals who might lead to a data source. If a potential new source was identified,
then the individual or organization was added to the list. This was continued until no new
individuals were identified.

Telephone calls were made to each individual on the list. During the course of the
conversation, the scope of the project was conveyed, emphasizing strongly the need to find data
that could directly relate lead exposure or contamination to a specific R&R activity. During the
phone interview, a determination was made whether the recommended data source was
representative of a renovation and remodeling activity. Generally, data collected when abatement
techniques were employed was not considered representative of the exposure that may occur
during "typical" R&R activity. [It is recognized that what constitutes "typical" R&R is currently
under revision, owing primarily to the issuance of OSHA's Interim Final Rule for Lead Exposure
in Construction (29 CFR 1926.62), which became effective during the term of this study.]
Exceptions were allowed for some abatement activities, such as exterior work and encapsulation,
since these activities are very similar to R&R activities. If there was any doubt as to the
applicability of the data, the person was asked to send the data with some documentation if
possible. A determination was made whether to include the data after the data collection methods
were more closely reviewed. This ensured that a potential data source was not missed because of
miscommunication or misunderstanding. Those individuals with data that fit well into the scope
of the study were asked to send the data in whatever format was convenient, with documentation
whenever possible. All data were compiled into a common data set so that summaries could be
made.

More than 40 individuals and organizations were contacted. However, vergrfevation
and remodelinglata sources were uncovered. A large body of information covers specific
activities and the lead exposure associated with these activities when abatement techniques are
employed, but very few sources collected information during activities that resemble or actually
are R&R settings. For instance, abatement data from several PHAs were available, but because
many of the abatement projects were sponsored by HUD grants, HUD’s guidelines on abatement
(which include extensive worker and occupant protection measures and cleanup) were followed.
Some of the activities that very closely resemble renovation and remodeling activities, even when
abatement guidelines are followed, include interior and exterior encapsulation, component
replacement, and some surface preparation. Whenever possible, these activities were extracted
from the abatement studies and included in the data base.

Several potential data sources reported monitoring data that could not be related to specific
activities or to R&R activities that were conducted on surfaces coated with lead-based paint. As
a result, these data could not be placed in an appropriate context in this study and therefore were
not included in the data base. Other contacts have confirmed the lack of lead exposure data
related to renovation and remodeling. One military official, representing a data source included in
Table 2-1, stated that before their study in 1992, they could not find any data related specifically
to R&R.
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Table 2-1 lists several characteristics of the potential data sources identified. Of the 18
identified sources, the results from 10 studies were received. Of those 10, eight had information
that related exposure to a particular R&R activity. These eight data sources are discussed in
Section 8E of Chapter 8.

Table 2-1. Potential Sources of Existing Data Associating Lead Exposure With a Particular
Renovation and Remodeling Activity

Number of
Identified Data Sources Activities Sources ldentified
National Association of Home Builders (NAHB) " De.molltlon 2
B Window Replacement
Component Removal
Private Environmental/ Window Replacement
Carpet Removal 4

Abatement Contractors .
Demolition

Surface Preparation

Surface Preparation
Public Housing Authorities (PHAs) m Kitchen Remodeling 5
m Exterior work

National Institute of Occupational Safety and B Various R&R activities
Health (NIOSH) ® Cleanup

California Department of Health;
New York State Department of Health;
Massachusetts Department of Environmental

m Surface Preparation: Sanding and
Scraping 3
B Window Replacement

Health
B Surface Preparation: Sanding, Scraping,
Power Sanding
U. S. Military Cleanup )

Exterior Component Installation
Interior Component Removal
Painting

In general, data provided by the PHAs were not representative of typical R&R or were not
available to the study. Much of the PHA data were collected in an abatement setting that was not
representative of typical R&R. Because much of the abatement work was contracted out, the
data did not reside with the PHAs. The need to obtain data from contractors greatly diminished
the potential for collecting PHA data. Only one PHA contractor provided data to this study.

The data identified and obtained from sources other than a PHA tended to be more closely
related to R&R activities. The individuals contacted were very much aware of the potential
problems of lead exposure to R&R workers and were sensitive to the issues involved in locating
data specific to R&R. Several good prospects were developed through these individuals, and
potentially informative data sets were obtained.

2.5 SUMMARY

Available information on the lead hazards associated with R&R activities other than paint
removal is very limited. Despite a comprehensive literature search and hundreds of phone calls to
individuals very familiar with lead issues and policies, little information was uncovered. Only
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eight sources were found to contain data on lead exposure related specifically to R&R activities.
The data collected from these other sources are summarized and discussed in Section 8E of
Chapter 8.

Two additional studies were identified that were in the planning stages at the time the EFSS
was conducted: 1) a study sponsored by a state government agency (with support of a HUD
grant) of surface preparation using dry scraping, heat guns, and torches, and 2) a study sponsored
by the NIOSH of the renovation and remodeling of post offices and General Accounting offices
throughout the U.S. These studies have the potential to provide additional useful data for
investigating the relationship between lead exposure and R&R.
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3.0 QUALITY ASSURANCE

In the EFSS, as in any environmental sampling program, a variety of sources of error
exists that could potentially affect the quality of the study results. A careful assessment of
these sources of error was made, and quality control measures were implemented to help
minimize their effects. The most important quality control measure was the Quality Assurance
Project Plan (QAPjP). The QAPjP is intended to document the entire process involved in
executing the field program, along with appropriate quality assurance measures. QAP]Ps were
prepared for the carpet removal and window replacement phases, and an addendum was
prepared for the CED phase. The entire project team contributed to the QAPjPs, which were
reviewed and approved by the EPA/OPPT technical staff and Quality Assurance Officer.
Subjects covered in the QAPjP include:

® Project overview.

® Project organization and management structure, including organization and
personnel responsibilities, and personnel qualifications.

® Study objectives including chemical data quality objectives.

® Method selection and analytical method performance including objectives and
specifications for precision, accuracy, and verification and validation.

® Sampling plan including sampling frame construction, screening protocols, unit
selection criteria, field QC samples, and sample size determination.

® Analysis plan including data review and transfer procedures, data quality
assessment, and statistical analysis procedures.

e Sample collection procedures, including specification of the field sampling team,
determination of sampling locations, and sampling schedule, transfer and storage
procedures.

® Sample identification, tracking, and handling.

e Sampling equipment, including equipment performance requirements, preventive
maintenance, corrective actions, contamination avoidance, and equipment
calibration.

® Sample preparation procedures.

® Data processing procedures, including storage, transfer, tracking, and outlier
detection procedures.

® Specification of all data collection forms.
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® Health and safety procedures, including Human Subjects Review.

® Audit requirements, including system, performance evaluation, and data audits,
and audit reporting and corrective action.

® Reporting requirements.
The QAPjPs may be referenced for additional details on any of the above subjects.

Appendix B in Volume II of this report documents data processing procedures followed
in this study and presents results of the outlier detection analyses and decisions. Only one
outlier in the three phases of the EFSS study was deleted from the statistical analysis as
documented in Appendix B.

Appendix D in Volume II presents the results of analysis of quality control samples
collected in the study including field blanks and field side-by-side samples. In all three phases
of the EFSS, the results of analyzing initial calibration verification and continuing calibration
verification samples in each instrumental analysis batch were within the protocol criteria of
+10%. This indicates that the analytical instrument was properly calibrated for all of the
sample analyses. Tables D-3a through D-3c in Appendix D report the status of meeting data
quality objectives within batches in the carpet removal, window replacement, and CED
phases, respectively.
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4.0 STUDY DESIGN FOR THE ENVIRONMENTAL
FIELD SAMPLING STUDY (EFSS)

The purpose of the EFSS was to assess the lead exposure and lead disturbance associated
with various types of R&R activities through environmental measurements of lead in air and dust.

The EFSS consisted of four phases of data collection that either addressed a specific type
of R&R activity or a group of activities. These phases were:

1.

An information-gathering phaseto uncover the current body of information
concerning lead exposure associated with renovation and remodeling and to analyze
environmental lead exposure data collected in other studies that investigated
exposures associated with specific R&R target activities, or with large R&R projects

A carpet removal phas¢g investigate lead exposure associated with carpet
removal activities

A window replacement phast investigate lead exposure associated with window
replacement activities

A controlled, experimentally designed (CED) phasejnvestigate lead exposure
associated with several R&R activities (large structure removal, small surface
disruption, HVAC repair, generic R&R activities) that are difficult to isolate in an
actual R&R job or are components of larger R&R activities.

The first phase was described in Chapter 2. In the other three phases, the same sampling and
laboratory analysis protocols were applied to environmental samples from various media. This
chapter presents common elements of the study design for these three phases. Chapter 8 presents
details on the specific implementation of the general study design.

4.1 OBJECTIVES OF THE EFSS

Technical objectives for the R&R study were presented in Section 1.1 of Chapter 1. The
primary technical objectives of the EFSS were to characterize the:

1.

Personal exposure to airborne lead for workers during the performance of different
R&R target activities and combinations of activities, and determine if worker
exposure to airborne lead during those activities exceeds 56 pg/m [the OSHA
permissible exposure limit (PEL)].

Airborne lead levels in areas adjacent to the activity area (the area -- room, floor,
etc. -- in which the R&R activity took place) for selected R&R activities.

Amount of lead disturbed that settles on building surfaces within a specified period
following completion of the R&R activity.
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4.  Extent that lead disturbance and exposure are affected by various factors such as
distance from the activity and pre-activity measures of lead contamination in the
building.

Some secondary objectives of interest related to sampling methodology were incorporated into
selected phases of the EFSS to aid in refining the design of this study. The secondary objectives
are discussed in Section 4.3 and in greater detail in Chapter 7.

4.2 ENVIRONMENTAL SAMPLING

Although the activities, buildings, and, in some instances, types of samples differed for
each category of activities, the design and protocol for all environmental samplingnaiare s

In general, for each monitored R&R activity, buildings containing lead-based paint suitable
for typical application of the activity were selected. Buildings were selected based on
predetermined screening criteria, as discussed in Chapter 5, that included taking X-ray
fluorescence (XRF) and/or inductively coupled plasma (ICP) samples on painted surfaces in
selected rooms of the unit.

Environmental measurements of lead were taken before, during, and after conducting the
target activity. The measurements taken in the EFSS included:

1. Personal Air SamplesMeasures of airborne lead concentrations at a fixed flow
rate within each worker's personal breathing zone were collected by taking air
samples through a cassette filter mounted to the worker's lapel. An air sampler
pump was used to take the sample. The activity period was defined for each specific
R&R activity, but generally included immediate preparation for the activity, activity
conduct, and cleanup. For each worker, average exposure over the duration of the
activity period was calculated in pg/m .

2. Room (Ambient) Air SamplesAmbient air samples were collected for selected
activities in areas adjacent to the activity. Adjacent areas were used to address the
levels at which occupants might be exposed to airborne lead in other parts of the
building while conducting the activity.

3.  Settled Dust SamplesSettled dust samples were taken either from stainless steel
dustfall collectors (see Section 4.3) or from selected areas such as floors, window
sills, window wells, and carpets. Samples were collected at varying distances from
the surfaces disturbed by the activity. Lead loadings from settled dust samples were
measured as indicators of the amount of lead disturbed by the activity and made
available as a potential exposure to occupants. Further discussion on the sampling
methodology for settled dust samples is provided in Section 4.6 below.

It was not possible to obtain a statistically based, representative sample of the exposed
populations or the defined jobs, because of recruitment difficulties in obtaining "real-world" R&R
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jobs as they are currently being conducted, cost constraints, and the wide variety of work
practices and building characteristics. Consequently, the EFSS focused on characterizing "case
studies" that were deemed "reasonably representative” (i.e., not atypical) of general R&R work as
it is currently conducted. Two different approaches were taken to characterize these case studies:

1.  Monitoring "real-world" R&R jobs as they occurred in the field

2. Monitoring controlled, experimentally designed simulations of specified renovation
and remodeling activities in vacant buildings.

In the first approach, an attempt was made to select R&R jobs (case studies) that did not appear
atypical of general R&R work currently being conducted. These jobs needed to have high
potential for lead contamination because of the age of the building, presence of lead-based paint,
and types of activities being conducted.

In the second approach, the design team specified the type, quantity, and characteristics of
activities to be conducted in dwellings in the field. Experienced R&R workers, contracted to
perform the work, simulated target activities and generic R&R tasks (e.g., cutting and drilling) so
that measurements could be taken of lead disturbance associated with these tasks. The generic
tasks are often components of any number of R&R target activities and provide an indication of
potential hazards associated with many different R&R jobs.

Details of the sampling plan and design for each R&R activity or task monitored are
presented in Chapter 8 with the discussion of each phase of the EFSS.

4.3 EVALUATION OF SAMPLING METHODOLOGY

The EFSS was designed to measure lead disturbance and lead exposures associated with
specific short-term R&R activities. Sampling methodologies commonly used in occupational
studies, clearance testing, risk assessment, and previous abatement studies were employed
whenever possible in this study. In the case of settled dust, however, a different method of
characterizing the amount of lead disturbed by a specific activity was employed. Post-activity and
pre-activity measurements on building surfaces are commonly compared in lead contamination
studies in buildings. The alternative method involves placing one-square-foot stainless steel plates
on the floor immediately before the start of an activity at varying distances from the activity area.
These plates are referred to as stainless steel dustfall collectors (SSDCs). Settled dust samples
are collected from these plates at a specified period of time after completion of the activity.

Interest in evaluating the sampling methodology introduced additional objectives into the
early phases of the study. Those objectives were to:

° Compare results from the sampling methodology using SSDCs to results from the
sampling methodology employing pre- and post-activity floor samples

4-3



° Compare results from settled dust samples collected one hour following completion
of an activity with results from settled dust samples collected two hours after
completion of an activity

° Compare results from settled dust samples collected using vacuum techniques with
results from samples collected using wipe techniques.

To assess the first objective, SSDCs were placed next to the post- and pre-activity floor
samples at all locations in the carpet removal phase, and at two out of three sampling locations in
each unit in the window replacement phase. The second objective was assessed by placing two
SSDCs side by side at all locations in the carpet removal phase, and at one out of three locations
in each unit in the window replacement phase. One side-by-side sample was collected
approximately one hour after completion of the activity and the other approximately two hours
after completion of the activity. The third objective was assessed by additional side-by-side
samples at two out of three sampling locations in each unit in the carpet removal phase and at a
total of 12 sampling locations during interior demolition work in the controlled, experimentally
designed (CED) phase. Results pertaining to sampling methodology evaluation are discussed in
Chapter 7.

4.4 HUMAN SUBJECTS REVIEW

All aspects of the field work involved in the EFSS were documented and submitted to
both the contractors' and EPA's Human Subjects Review Committees for review and approval.
All procedures complied with the requirements of the human subjects committees.

4.5 DATA GAPS AND LIMITATIONS OF THE R&R STUDY

Due to the broad scope of the EFSS and the R&R study as defined by Title X legislation,
combined with time and budget constraints, recruitment difficulties, and human subjects concerns,
insufficient information was available to make inferences on certain areas of interest to the study.

Data gaps that remain include:

1. Information on the relationship between R&R and occupants' (children's)
blood-lead concentrationsThe combination of environmental measurements and
worker blood-lead concentrations was expected to provide sufficient exposure
information to address regulatory needs. However, the blood-lead concentrations of
R&R workers were very low, while the amount of lead released to the environment
was very high. These conflicting outcomes imply that measuring environmental lead
levels might be an inadequate surrogate for measuring human blood-lead levels.
This, combined with difficulties in determining a health-based standard for
acceptable environmental lead levels, places more importance on the relationship
between R&R and occupant exposure as measured by blood-lead concentrations.
Therefore a follow-on study will be conducted to evaluate the impact of the conduct
of R&R activities on elevated blood-lead concentrations in children. This study will
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be conducted jointly with the University of Wisconsin and the State of Wisconsin
Public Health Department.

2. Exposure of people other than occupants and workers was not asseSiber
potentially exposed populations include workers' families and residents of
neighboring buildings.

It is important to note the limitations of the data collected in the EFSS:

1. The EFSS field monitoring work represents a series of case studies that were not
selected by a random sampling schem@eneralizing the results of the EFSS to a
broader population must be based on a qualitative assessment of how representative
the case studies are of that population. However, no reason was uncovered to
believe that the case studies were atypical of general R&R work as it is conducted in
an unregulated environment containing high levels of lead-based paint.

2. Measurements of lead distributed into the occupants' environments were
collected before cleanupThe effect of different cleanup methods was measured
for two target activities in the EFSS, and data were collected in the WCBS on
typical cleanup methods employed by R&R workers. However, additional
information on the extent of typical cleanup would be useful.

3. The focus of the data collected in the EFSS was on target housiggposure
differences between building environments from a lead abatement perspective are
discussed in EPA's proposed rule 40 CFR Part 745, "Requirements for Lead-Based
Paint Activities," where an argument is made that public buildings and target
housing represent similar exposure environments. However, there are no data at
this time to assess whether environmental exposures monitored in target housing are
representative of environmental exposures encountered in public or commercial
buildings.

Further discussion of limitations on inferences drawn from the results of the EFSS are
presented in the discussion of overall results in Chapter 9.

4.6 SANMPLING AND ANALYTICAL METHODS

During the course of the EFSS, field sampling activities were conducted to monitor a
variety of renovation and remodeling activities. The following categories of field samples were
collected during the study:

Wipe sampling of settled dust
Vacuum sampling of settled dust
Personal exposure samples
Area airborne dust samples
Paint chip samples
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° Plaster samples.

The following two sections discuss the sampling and analytical methods applied to the
above categories of samples. Further details on sampling and analytical methods can be found in
the QAPjP.

4.6.1 Sampling Methods

Wipe Samples of Settled Dust

Wipe samples of settled dust were collected from the SSDCs, as well as directly from
other horizontal sampling surfaces (e.g., HVAC ducts). All wipe samples were collected using
commercially available, premoistened disposable wipes (Wash-a-bye Baby™). The protocol for
collecting a wipe sample is as follows:

° Don a clean pair of powderless vinyl gloves.

° Open the lid of the wipes container and remove several wipes. Discard the initial
wipes removed, and use the next wipe from the container to collect the sample.

° Place the wipe flat on the sample surface. (Note that in some cases the sample
surface was a 14t steel template; in other cases, the surface was a ventilation duct,
etc.)

° Using an open flat hand with the fingers together, wipe the marked surface in an
overlapping "S" pattern. The initial pattern should be from side to side and then
from front to back so that the entire sample collection area is covered.

e  When sampling small areas (i.e., less thart 1-ft ), the wipe should be folded in half
with the sample side folded in. Repeat the wiping procedure within the defined
surface area.

Vacuum Sampling of Settled Dust

Special equipment is employed for collecting vacuumed settled dust. The vacuum
sampling equipment included a modified HVS3 cyclone dust collector and a Red-Devil® portable
vacuum (Figure 4-1). The cyclone dust collector has an output nozzle on the top, which is
connected to the portable vacuum, and an inlet on the side, which is connected to a tygon
"collection” tube. The bottom segment of the cyclone dust collector is conical in shape, with
internal threads at the narrow end of the case to accommodate the sample collection bottle. A
Teflon sealing ring forms the joint between the cyclone top and bottom segments. A cyclone
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Figure 4-1. Cyclone Dust Collector




dust collector has advantages over a dust collector that uses a filter. The collection bottle
eliminates the need for pre- and post-weighing and conditioning of the filter, and has a larger
capacity. The protocol for collecting a vacuumed settled dust sample is as follows:

Place a clean grey PVC transition piece onto the tangential inlet of the cyclone head.

Position the cyclone in a vertical position and securely screw the sampling collection
bottle into the lower threaded end of the cyclone.

Insert the proper end of the collection tube into the grey transition piece. Attach the
vinyl tubing to the sampler case's 3/4-inch inlet.

Run an extension cord from the nearest 110-V AC outlet (or generator) to the
designated sampling location and plug in the portable vacuum.

Turn on the pump and vacuum the sample area in overlapping passes (i.e., at least
50% overlap), initially left to right, then front to back over the entire designated
area. Repeat vacuuming pattern for two minutes.

When vacuuming is complete, turn off the vacuum and keep cyclone vertical. Raise
the humidity within the cyclone by slowly blowing three breaths into the grey
transition piece. Tap the cyclone case three times to dislodge any remaining debris.

While keeping the cyclone vertical, unscrew the dust collection bottle from the
cyclone and recap the dust collection bottle.

Exposure Samples

Personal exposure monitoring to airborne lead was conducted using NIOSH method 7300.
The personal sampler, illustrated in Figure 4-2, pulls air across sample media at a known sample
flow rate. The flow rate of the sampling pumps is set between 1 and 4 liters per minute, with a
preference for 4 liters per minute. The exact flow rate is determined during calibration procedures
that are performed before and after each sampling period. The protocol for collecting personal
exposure samples is as follows:

Samples are collected by using a battery operated pump (Giliad H&nd 513)
attached to a tygon tubing with the sample media attached to the opposite end of the
tubing.

Don clean vinyl gloves. Remove inlet and outlet plugs from an unused 0.8 u, 37
mm mixed cellulose ester filter cassette. Attach the tygon tubing to the sample
media by inserting a nipple into the open end of the tubing (i.e., the end opposite of
that attached to the sampling pump) and inserting the nipple into the outlet opening
of the cassette.
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Figure 4-2. Personal Air Monitoring Sampler (Left} and Ambient Air Monitoring Sampler (Right)




Mount the sampler at the waist using the belt clip attached to the sampler. Clip the
filter cassette to the worker's lapel (make sure that the cassette remains in the
worker's breathing zone), making sure to secure the tubing to the worker in a
manner such that is does not interfere (e.g., tape the tubing to the worker's back).
The inlet of the filter cassette should be positioned slightly downward to avoid dust
from passively falling into the cassette.

Turn the sampling pump on and record time.

When sampling is complete, turn the sampling pump off and record time. Cap the
inlet and outlet plugs of the cassette.

Area Airborne Dust Samples

Area exposure monitoring to airborne lead was conducted using Gilian AirCon High
Volume samplers. The ambient air sampler, illustrated in Figure 4-2, has a flow rate set at rates
up to 12.5 liters per minute. The exact flow rate is determined during calibration procedures that
are performed before and after each sampling period. The protocol for collecting area airborne
dust samples is as follows:

Set up tripod at sample location and set pump on floor under tripod.

Don clean vinyl gloves. Remove inlet and outlet plugs from an unused 0.8 u, 37

mm mixed cellulose ester filter cassette. Mount the filter cassette to the tripod mast
at breathing-zone height (approximately five feet above the floor). Attach the tygon
tubing to the sample media by inserting a nipple into the open end of the tubing (i.e.,
the end opposite of that attached to the sampling pump) and inserting the nipple into
the outlet opening of the cassette.

Turn the sampling pump on and record the time.

When sampling is complete, turn the sampling pump off and record the time. Cap
the inlet and outlet plugs of the cassette.

Paint Chip Samples

The protocol for collecting a paint chip at a sampling location is as follows:

Don a clean pair of disposable leather gloves.

Using a cutting tool, score the perimeter of the area to be removed.
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Affix a tray, paper funnel, or equivalent collection device directly below the

sampling location. Begin removing the paint from the substrate. If possible, peel
the paint off of the substrate by sliding the blade along the score and underneath the
paint. Remove all paint down to the bare substrate and transfer to the collection
container.

Plaster Samples

4.6.2

Samples are collected from painted surfaces to characterize lead levels in surfaces about to
be demolished or disturbed during renovation and remodeling activities. When collecting plaster
samples, the selection of the surface to be sampled is important. Deteriorated plaster can become
crumbly, increasing the potential for sample contamination. For example, when chipping into a
wall the plaster can easily become pulverized and fall to the floor. It is best to select a firm, rigid
surface and collect the plaster sample in accordance with the following steps:

Don a clean pair of disposable vinyl gloves.

Select the surface and area to be sampled (do not outline the sample area with any
type of marker, pen, pencil, etc.).

Affix a tray, paper funnel, or equivalent collection device directly below the

sampling location. Note that because of the relative mass of the plaster compared to
the collection device, the person collecting the sample or an assistant may need to
support the device.

Using a chisel and hammer, carefully break through the surface of the sample area.

Begin removing the plaster by gently prying it away from the surface being sampled.

Allow the plaster sample to drop into the collection device. As mentioned
previously, the collection device may need to be supported at this time.

Carefully transfer the plaster sample from the collection device into a sample bottle.
Cap the sample bottle.

Analytical Methods

Analysis procedures used in the EFSS study were as follows:

Settled dust, vacuum sampleBigested using a modified version of EPA SW-846
Method 3050. Analyzed using a modified version of EPA SW-846 Method 6010A,
Inductively Coupled Plasma (ICP).
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° Settled dust, wipe sample®igested using a modified version of EPA SW-846
Method 3050. Analyzed using a modified version of EPA SW-846 Method 6010A,
Inductively Coupled Plasma (ICP).

®  Air, personal exposure sampleBigested and analyzed using a modified version of
EPA SW-846 Method 3050.

® Air, area airborne sample®igested and analyzed using a modified version of EPA
SW-846 Method 3050.

° Paint chip samplesDigested using a modified version of NIOSH Method 7082.
Analyzed using a modified version of EPA SW-846 Method 6010A.

Primary instrumentation for the analysis of vacuumed dust and dust wipe samples was an
Inductively Coupled Plasma—Atomic Emission Spectrometer (ICP-AES). A Thermo-Jarrell Ash
simultaneous ICP was utilized for this analysis effort. Primary instrumentation for the analysis of
personal exposure and area airborne samples was a Varian SpectrAA 300Z graphite furnace
atomic absorption spectrometer (GFAAS).

More details on the analytical method, including protocols, are provided in the study's
QAPjP.



5.0 OVERVIEW OF RECRUITMENT IN THE EFSS

The study objectives and design, discussed in the preceding chapters, defined three basic
criteria for the recruitment process:

1. The workers monitored and the R&R activities performed must be typical of general
R&R work as it is currently being conducted.

2.  The buildings undergoing R&R must be representative of typical target housing or
public and commercial buildings and must contain interior lead-based paint.

3.  Recruitment and subsequent study procedures must meet all requirements specified
by EPA, Battelle, and MRI's Human Subjects Committees.

Reasons for the first criterion, including reasons for the decision not to monitor abatement
work, were presented in Chapter 2. The decision to monitor R&R workers conducting activities
typical of general unregulated R&R work was reinforced during the recruitment process;
contractors repeatedly expressed the opinion that R&R work being conducted by government
contractors who take extensive precautions against lead exposure is not representative of much of
the R&R work being conducted by R&R contractors focused on the private sector. Our
definition of "typical unregulated R&R work" did allow inclusion of a worker who takes personal
precautions during the R&R activity, such as wearing a respirator or protective clothing.

However, we did not include dust reduction measures normally encountered in abatement work,
such as:

Misting surfaces that Wbe disturbed
Using plastic to enclose surfaces to be removed
° Using negative air or tools with HEPA vacuum attachments.

The second recruitment criterion was chosen to help focus the study on the most likely
environments for a lead exposure problem, while ensuring that buildings selected were not
atypical of the environments defined by the scope of the study. The screening of candidate
buildings included testing for lead-based paint using XRF methods and/or ICP analysis on paint
chip samples to measure lead concentrations (mMg/cm ) on painted surfaces. The XRF testing was
intended for screening purposes only. Details on the minimum levels of lead-based paint required
for including a building in the study are presented in the QAPjP. In general, all sites included in
the study had extensive lead-based paint, and the XRF results were used along with other criteria
(such as the size and overall condition of the building) to choose between candidate sites. XRF
results were not used in any subsequent statistical analysis. Where measurement of the paint in
the substrate being disturbed was required, paint chip samples were collected at the time of the
R&R activity.

The third criterion, compliance with Human Subjects Committee guidance, affected
separate phases of the study differently. In the carpet removal and window replacement phases,
where R&R jobs already planned in the marketplace were being recruited, the primary Human
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Subjects requirements were that the study not alter any of the work that was to be monitored and
that workers and residents sign approved informed consent forms. In the CED phase, on the
other hand, Human Subjects guidance required that the work be conducted by contractors with
experience in worker protection practices, an OSHA-certified respirator program in place, and
who agreed to follow the OSHA lead standard for the construction industry (29 CFR 1926.62).

In addition, for the CED phase, buildings where the work was to be conducted were required to
be scheduled for subsequent demolition, gutting and complete restoration, or complete abatement
and clearance testing before reoccupancy.

Multiple approaches were taken in the attempt to recruit the "real-world" R&R
contractors and workers. These included newspaper ads, telephone solicitation, letters, flyers,
contact with unions, trade organizations, government agencies, and ongoing R&R programs, and
targeting schools and other institutions that were suspected to have reason to be interested in the
lead problem. A telephone script was composed that attempted to:

° allow R&R workers to understand the benefit of the study
° reduce their liability concerns

° stress that their participation would not disrupt the job or their normal work practice
in any way.

Attempts were made to recruit contractors directly as well as indirectly through the individuals
hiring the job or through union participation. Workers and contractors were offered
compensation for any inconvenience resulting from participation in the study.

Overall, recruitment of "real-world" non-abatement R&R jobs for participation in this
study was time consuming, cost intensive, and very problematic. The primary reasons for this
difficulty were:

1. Liability concerns The fear of being held liable by workers, homeowners, the
public, EPA, OSHA, or NIOSH was the single biggest disincentive to participation
in the study. Very early in the recruitment process, one carpet removal contractor
told us "one lawsuit could put me out of business." This concern was repeated
often. Larger institutions often appeared reluctant to lose the protection that was
perceived to come with ignorance. The attempt to recruit the maintenance staffs of
several institutions was unsuccessful for this reason.

2. Negative reactions to EPA and OSHAany contractors expressed concerns that
their participation would result in either a fine from OSHA for working incorrectly,
or concerns about newly mandated requirements that they did not want or did not
feel were justified. The president of a window replacement firm with offices in
Wisconsin wrote,

5-2



"A concern | have with the methodology of your study, is that new Federal
rules will be formulated based upon your study. Your study as presently
designed is not representative of the type of window replacements we do. In
fact, the vast majority of window replacements are done without disturbing
the original window frame."

3.  Contractors, agencies and individuals too busy to participdany individuals
we spoke with would not even take the time to fully listen to the description of the
study before stating)'m too busy and don't have time for this nowZbntractors
who seemed receptive but too busy to talk at the time of the first call were sent a
letter describing the study and then called back at a later date. In general, first
refusals were seldom converted by a letter or a follow-up phone call.

4.  Difficulty in recruiting a "contracted job." A unique challenge to this recruitment
effort was that it was not single individuals or organizations being recruited
ultimately but rather contracted R&R jobs. This required coordination and
recruitment of two parties and the ability to firmly determine schedules so sampling
could be arranged. The inconvenience involved was often perceived by those
recruited to outweigh any advantages to participation including the compensation
offered.

5.  No match for the unit or work requirementdMany contractors did not work in
the older buildings (>50 years old) we required or did not meet phase-specific
requirements such as full replacement of wood windows.

6.  Failure to find lead-based paint after a building was recruiteth the recruitment
of large R&R projects and potential CED sites, a high ratio of buildings screened did
not contain appreciable amounts of lead-based paint. Six units that were eventually
used in the CED phase had sufficient interior lead-based paint, but seven other units
that were more than 50 years old did not contain sufficient lead-based paint
anywhere in the interior of the building.

The recruitment difficulties led to more emphasis on the CED phase of the study where
the recruitment effort became one of locating vacant buildings and cooperative owners rather than
willing contractors. Details of the recruitment process, results obtained, and lessons learned are
presented below.

5.1 DETAILS AND RESULTS OF THE RECRUITMENT PROCESS

The details and results of the recruitment process are presented below for each of four
study phases, in chronological order. Results of one phase were used to formulate the strategy
and effort for subsequent phases.
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5.1.1 Carpet Removal

The first four homes in the carpet removal phase were located in the Oakland, California,
area. They were selected through cooperation of the Alameda County, California, Planning
Department, Housing and Community Development Program. The four dwelling units were
already scheduled for lead-paint abatement with removal of the carpets planned as the first activity
in the abatement process. The Alameda County agency also provided floor plans and existing
XRF sampling results for these units. Representatives of the study field team visited each unit to
perform a visual survey and found them adequate for study participation.

The Alameda County agency also recruited the R&R contractor who performed all carpet
removal activities for the four units. The contractor was subject to regulations imposed by
Alameda County in such areas as waste disposal, worker safety, and contamination control of
residential belongings. There was no requrirement specifically to minimize dust generation (e.g.,
misting the carpet).

The attempt to select four additional homes in another city proved much more
problematic. Initially, contractors advertising in St. Louis and Kansas City, Missouri, were
contacted by phone. They all declined to participate in the study, primarily due to liability
concerns. Next, fliers were placed in home-improvement stores and government agencies and
trade union representatives were contacted. Finally, newspaper advertisements were placed in St.
Louis newspapers offering an incentive to homeowners replacing their own carpet, and providing
a toll-free number to call.

This last recruitment step provided additional candidate homes rather easily. The
homeowners did not express anything in the way of liability concerns, fear of EPA, NIOSH, or
OSHA, or conflicting business interests. Also, the homeowners considered the monetary
incentive as a positive motivating factor, while the contractors considered it insignificant.
Recruitment of resident-workers enabled the study to include data on carpet removal performed
by nonprofessionals. The candidate homes were classified according to the following criteria:

®  Age of dwelling unit (priority given to homes built befdr®240)
e  Availability of dwelling unit to the study

° Length of time since carpet was installed (priority given to carpet in place for at
least 8 years)

° Lead-based paint in the dwelling unit (unit has maently undergone lead
abatement).

Study recruiters narrowed the field to eight promising candidates, and the field team and an XRF

contractor performed XRF and visual surveys during scheduled screening visits. Based on the
findings of the screenings, study statisticians then selected four units for the study.
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5.1.2 Window Replacement

The initial approach to identify and recruit individuals performing window replacement
work or having this type of work done in their homes was to place advertisements in newspapers
in Baltimore, Maryland, and St. Louis, Missouri. The EPA-approved ads described the study,
solicited participants (homeowners or contractors), offered an incentive, and listed a toll-free
number to call. This method of recruiting was abandoned rather quickly because there was
virtually no response. In contrast to the carpet removal phase, no homeowners performing the
work themselves were uncovered.

The next step was telephone soliciation by trained recruiters using an EPA-approved
script. They solicited window installation companies and contractors in thirteen selected U.S.
cities. The cities were Baltimore, Hartford, Boston, Columbus, St. Louis, Youngstown, New
Haven, Washington D.C., Newark, Cincinnati, Chicago, Milwaukee, and Cleveland. Most
companies and contractors contacted were listed in municipal telephone directories. Additional
contacts included trade organizations, unions, large and small licensed window installation firms,
independent contractors, business owners, and home owners. Although this recruitment
technique yielded the largest number of contacts (more than 800), it was largely unsuccessful.

Only five individuals were willing to participate in the study: three contractors and two
building owners. All five were located in Columbus, OH; our assessment is that all five were
influenced to participate in the study because of Battelle's involvement in the study and their
reputation in the Columbus area. In fact, one of the window installation companies, which
located two of the four homes eventually enrolled, wanted to participate so that it could advertise
its participation in a study with Battelle as a way to enhance business.

The four homes eventually selected for the study were identified by three professional
contractors as candidate study units. Two contractors were general building contractors, and one
was a specialized window removal/installation contractor. Representatives of the field sampling
team visited each eligible unit to conduct a visual survey and to supervise an XRF screening of
painted window components. Information from this screening visit was used to determine
whether the unit would be selected for the study, and if so, which of three windows would be
considered for environmental sampling. The four study units were located in the Ohio cities of
Piketon, Columbus, Richwood, and Plain City.

5.1.3 Large Projects

From a design perspective, there was significant interest in obtaining a large R&R project
involving multiple activities conducted simultaneously. A sampling plan was developed for
monitoring such a project. However, this project could not be accomplished in the time frame
available to the study.

The recruitment effort for finding a large R&R project was extended to the following
potential candidate sources:
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1. Large public facilities such as hospitals, universities, and schools
2.  Military bases and state and federal agencies controlling government buildings
3.  Solicitation of help from national trade unions.

In general, individuals contacted for the large R&R project were more receptive than
those contacted in the window replacement recruitment effort. Most quickly understood the
study and were in agreement with its purpose. However, a major problem for almost all large
R&R projects was that final approval for participation did not rest with a single individual or
department. Typically, several levels of approval were required including that of the legal, health
and safety, and facilities departments.

For example, one month-long solicitation of a large university had resulted in approvals
from the Environmental Safety and Health Department, university lawyers, and Board of
Trustees, but a lack of final approval because of the concerns and narrower interests of the
Facilities Department. In large institutions, including universities, there appears to be concern
about disclosing a lead problem.

Trade unions cooperated in recruitment efforts to identify eligible jobs and contractors.
The United Brotherhood of Carpenters (UBC) alone sent over 2,000 letters to its local chapters
and district councils soliciting their help in locating jobs. The only solid prospect from this effort
was a seminary in Ohio. Although the seminary was more than 60 years old, no lead paint was
found in the interior.

Failure to locate a suitable large project led the project team to abandon the effort in favor
of the use of hired contractors performing simulated R&R work in the CED phase.

5.1.4 CED Phase

Recruitment for the CED phase was more successful than recruitment of "real-world"
jobs. The fact that contractors would be hired to do the work meant that basically only vacant
buildings needed to be found. Public housing authorities, government and private agencies were
willing to offer candidate buildings. Although many buildings were not suitadause they
were too deteriorated, sufficient numbers of vacant, but habitable buildings were located for the
CED phase. This phase of the study was conducted in Baltimore, Maryland, and Denver,
Colorado.

In Baltimore, a number of row houses scheduled for "gut rehab" were recruited from a
private developer. During initial site visits, some of the dwellings were determined to be in such
poor condition that they could be excluded from the study. Three buildings were in habitable
condition, but one was found to contain an insufficient amount of lead-based paint during the
XRF screening. The other two were enrolled in the study. The contractor employed in Baltimore
met all study requirements and had many years of general construction and R&R experience
before concentrating on lead abatement work.
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Buildings in Denver were recruited through the cooperation of Denver Housing Authority
(DHA). This agency identified eligible vacant buildings scheduled for subsequent abatement or
"gut rehab.” CED activities were conducted in four different buildings. All activities were
conducted by DHA maintenance staff with experience in general R&R tasks as well as in lead
abatement.

A summary of the recruitment effort and results for each phase of the EFSS is presented in
Table 5-1.

5.2 GENERAL CHARACTERISTICS OF THE WORKERS AND UNITS RECRUITED

This section presents a general description of the workers and buildings (units) included in
the three phases of the EFSS. Further details on specific unit characteristics for a given study
phase are included in Chapter 8.

5.2.1 Worker Characteristics

The workers performing R&R activity in the EFSS differed in many aspects, including
experience in performing the activity, awareness of potential lead hazards associated with the
activity, and the level of protection from exposure. Following the R&R activity at each study unit
in the carpet removal and window replacement phases, field team representatives interviewed the
R&R workers to characterize the type of worker participating in this phase. The worker survey
collected information on such items as experience level, familiarity withethesrds associated
with lead exposure, and opinion on how typical the activity has been at a site compared to similar
jobs. Results of this survey were used only to characterize the workers participating in this study.
They cannot be used to make inferences on the general population of R&R workers.

Carpet Removal

In the carpet removal phase, the four Alameda County, CA, units had professional carpet
removal workers who were employees of an R&R contractor with experience in dealing with
environmental hazards such as lead contamination. Approximately 25% of the R&R jobs
performed by this contractor involved carpet removal, and approximately 30% of the jobs
consisted of lead-based paint abatement. In this study, the contractor's employees wore Tyvek
suits and respirators when performing carpet removal in each unit. The workers were aware of
various precautionary measures to reduce dust generation, although the only such measure taken
in this study was using plastic sheeting to cover occupant belongings and seal off nonactivity
areas.

The owner of the contracting company in Alameda County, who had more than 35 years
of R&R experience, participated in carpet removal in one unit and was monitored for personal
exposure. The four other workers for this contractor had from 3 months to 15 years of
experience in R&R and in carpet removal specifically.
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Table 5-1. Summary of Recruitment Efforts and Results in the EFSS

Carpet Removal Phase

Target for No. of
Recruitment Method Contacts Results
Government agencies Personal and inter-organizational contacts; .
>10 4 units
and contractors telephone calls
Contractors Telephone calls with predetermined script >100 No success
Flier in retail I fr n
Contractors iers posted in retail outlets frequented by N/A No SUCCesS
R&R contractors
Newspaper advertisements with cash Ads placed in .
Homeowners . ) o 4 units
incentive two cities
Window Replacement Phase
No success
. Personal and inter-organizational contacts; for non-
Government agencies >10
telephone calls abatement
work
Contractors or Newspaper advertisements with cash Ads placed in
. . Y No success
homeowners incentive two cities
Telephon I ith gui ri n .
Contractors elephone calls with guided script and >800 4 units
follow-up letters
CED Phase
rnmen nci . L All required
Gove .e t agencies Personal and inter-organizational contacts; . a
and special interest >10 units
telephone calls :
groups obtained
i iti hospitals, . . .
Universities, OSplFa S Telephone calls with guided script >50 Several leads
government agencies
Large R&R Projects'"
No success
rnmen nci . L for non-
Gove € t.age cies Personal and inter-organizational contacts >20
and trade unions abatement
work
i iti i i i ri n
Universities, hospitals, Telephone calls with guided script and > 400 NO SUCCESS
contractors follow-up letters
Letters sent to locals of United Brotherhood >2000
Workers/contractors No success
of Carpenters letters

" This study phase could not be accomplished in the time frame of this study.
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In contrast, the carpet removal workers in the four St. Louis, MO, area units were all
nonprofessional residents or helpers. The residents usually had no previous awareness of
potential lead exposure in performing carpet removal, and they only had informal previous
experience in performing R&R activities. Only two resident-workers in one unit identified
themselves as ex-R&R professionals or self-employed professionals, with less than 15% of their
experience in carpet removal and no experience in lead decontamination areas. Therefore, the St.
Louis workers were less experienced in performing carpet removal activity and in handling
potential lead contamination resulting from the activity.

Window Replacement

Workers participating in the window replacement phase were professional contractors
experienced in window replacement. The workers in three of the four study units claimed that
window replacement was the only R&R activity they performed, while the workers in the fourth
unit claimed that window replacement activities constituted 50% of their R&R work. The R&R
experience of the workers ranged from 1.5 to 27 years. Window replacement experience ranged
from 1.5 to 16 years.

None of the workers in the window replacement phase had any experience in abatement
work. Only two workers at one unit claimed to be aware of any potential risk for lead exposures
during window replacement; none of the workers took any precautions to reduce lead exposure.

CED Phase

Unlike the carpet removal and window replacement phases, contractors in the CED phase
were hired by the EFSS study team to perform the specified activities at a study unit. All workers
in the CED phase were professional lead abatement workers. Full worker precautions were
taken, but no effort was made to reduce dust generated by the activity. The contractors were
instructed to do the assigned jobs in a manner typical of general R&R work in an unregulated
environment.

5.2.2 Unit Characteristics

All eight study units in the carpet removal phase were occupied, single-family residences.
Carpet removal was performed in a portion of a given unit. Two of the four units in the window
replacement phase were occupied singlelyaresidences. The other two units were occupied,
but the floors on which the window replacement activity took place had been vacant and
neglected for some time. The CED phase included two vacant row houses in Baltimore,
Maryland, and four single-family homes in Denver, Colorado. All units in the CED phase were
scheduled for demolition, abatement, or gutting/restoration in the near future.

The study units had varying degrees of lead paint contamination and differed in their
overall observed levels of cleanliness. In addition, the amount and type of dust generated during a
specific R&R activity often differed from one unit to another. For example, workers in one unit
of the carpet removal phase reported excessive dust generation from disintegrated carpet padding,
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while carpet in another unit contained considerable surface debris. The discussion of results for
each phase in Chapter 8 presents additional details and demographic information on the study
units.

5.2.2.1 Comparability with Units from Previous Studies

This section compares the pre-activity lead levels of the recruited study units in the carpet
removal and window replacement phases to the pre-activity lead levels in other studies. Table 5-2
contains summaries of dust-lead loadings across EFSS units as well as for units from other
studies. Lead loadings are from dust samples collected from floors, window sills, and window
wells. Besides the carpet removal and window replacement phases, the following studies are
represented in Table 5-2:

° The HUD Abatement Demonstration Study (U.S. Dept. of HUD; 1990)
° The HUD National Survey of Lead-Based Paint in Housing (U.S. EPA, 1995)

®  Two Kennedy-Krieger studies on abatement/maintenance methods (Farfel and
Chisolm, 1990; Farfel and Chisolm, 1991).

The HUD Abatement Demonstration ("HUD Demo") Study assessed the costs and short-
term efficacy of alternative methods of lead-based paint abatement. A total of 1f&ydwés
in seven metropolitan areas were abated in the FHA portion of the HUD Demo study. The HUD
Demo statistics in Table 5-2 represent loadings from wipe samples taken in these units as part of
post-abatement clearance procedures.

The HUD National Survey estimated the incidence of lead-based paint in U.S. public and
privately-owned housing. Table 5-2 includes statistics on lead loadings from 182 privately-owned
units from the National Survey, partitioned into two groups according to lead levels from XRF
testing.

The Kennedy-Krieger Institute studies examined the effect of different types of
abatement/maintenance methods on dust and blood lead levels. In the first study, 53 units were
earmarked for traditional abatement practices and 18 for modified abatement practices. These
units had multiple interior surfaces with lead-based paint and at least one child with elevated
blood lead levels. The second study considered experimental abatement practices in six older row
homes with multiple lead-based paint hazards. In Table 5-2, the geometric means of pre-
abatement lead loadings for the Kennedy-Krieger studies are summarized for three groups of units
in the following order: traditional practice units, modified practice units, and experimental
practice units.



Table 5-2. Descriptive Statistics for Pre-Activity Lead Loadings on Floors, Window Sills,
and Window Wells in the EFSS, with Comparison to Levels Observed in
Previous Abatement Studies

Log Std. 25th Percentile | Geometric Mean 75th Percentile
Study'” # Samples Dev. (ug/ft?) (ug/ft?) (ug/ft?)

Floor Dust Lead Loadings

EFSS Carpet Removal Phase 32 1.91 2.61 14.7 49.0
EFSS Window Replacement Phase 39 3.26 28.4 637 9,120
HUD Demonstration 1026 1.53 23.6 66.0 185
High XRF 234 1.82 0.70 2.40 8.23
National Survey®
Low XRF 304 1.61 0.22 0.64 1.91
280 251
Kennedy-Krieger studies® 82 288
70 520
Window Sill Lead Loadings
EFSS Carpet Removal Phase 16 2.32 88.8 418.0 2740
HUD Demonstration 783 1.79 26.7 89.10 297
High XRF 123 2.64 1.42 8.40 49.7
National Survey®
Low XRF 126 2.13 0.37 1.57 6.59
249 1,340
Kennedy-Krieger studies® 95 1,800
34 4,610
Window Well Lead Loadings
EFSS Window Replacement Phase 11 0.94 54,700 135,000 296,000
HUD Demonstration 756 1.93 138 506 1,860
High XRF 56 2.28 47.4 220 1,020
National Survey®
Low XRF 38 2.46 3.27 17.2 90.4
150 15,500
Kennedy-Krieger studies® 37 18,300
28 29,400

" Data for the EFSS phases reflect all regular and QC side-by-side samples collected prior to R&R activity.

HUD Demonstration data represent post-activity clearance results for units in the FHA portion of the study.
@ "High XRF" entries reflect readings for units with at least one interior and one exterior XRF reading

exceeding 10 mg/cm?. "Low XRF" entries reflect readings for units where all XRF readings were below 1.0
g/cm?,

®  The first two entries in each cell reflect pre-abatement readings from homes where traditional and modified
abatement procedures, respectively, were to be employed (Farfel and Chisolm, 1990). The third entry in

each cell reflects pre-abatement readings in units from Farfel and Chisolm, 1991.
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Compared to units in the HUD Demo study, the units in the carpet removal phase had
generally lower lead loadings in floor dust, but higher lead loadings in window sills. The units in
the window replacement phase had higher lead loadings in floor dust, and much higher lead
loadings in window wells. It should be noted, however, that all floor samples collected in the
window replacement phase were within 6 feet of a window, possibly accounting for the high lead
loadings from floors. Also, the data for the HUD Demo study primarily represented post-activity
sampling after cleanup procedures.

The two EFSS study phases had considerably higher lead loadings than National Survey
units. However, the "blue nozzle" vacuum sampler used to collect dust samples in the National
Survey was shown to be approximately five times less efficient than the wipe and vacuum
sampling techniques used in the HUD Demo and the EFSS. Consequently, reported results may
be lower than what would have been observed using more efficient sampling technigues.

The Kennedy-Krieger results are higher than all other study results except those from the
window replacement phase.

In general, the variability observed was similar across all studies. From Table 5-2 one can
conclude that the observed lead levels in carpet removal units were not atypical of inhabited units
with lead contamination. Units included in the window replacement phase, on the other hand, had
relatively high levels of pre-activity lead contamination, especially in the window wells. These
levels were high in both the vacant and occupied activity areas.



6.0 DATA ANALYSIS OVERVIEW

As introduced in Chapter 1, the technical objectives of the R&R study were to characterize
lead exposure to workers conducting R&R activities in contaminated housing, investigate how
these workers disturb lead and create a lead-based paint hazard to occupants or other exposed
individuals, and provide technical input and recommendations for developing guidelines and
regulations on lead exposures resulting from R&R activities. This chapter presents an overview
of those data analysis objectives and approaches that were consistent across the EFSS phases and
that addressed these technical objectives.

6.1 DATA ANALYSIS OBJECTIVES

Data summaries and statistical analyses were centered around data analysis objectives
established for the EFSS. The data analysis objectives address the overall objectives of the EFSS
(presented in Chapter 1). The study phases shared many of the same data analysis objectives.
These objectives are categorized below according to the goal which they satisfy.

A. Characterize Lead Disturbance and Potential Lead Exposure

° Characterize average personal exposure levels of airborne lead for workers over the
duration of a given R&R activity and determine if these levels exceed 56 pg/m (the
OSHA Permissible Exposure Limit (PEL))

° Characterize lead loadings and concentrations within samples of dust that settles on
flat surfaces (e.g., floors, windowls) within a specified period during and following
completion of R&R activities.

Carpet removal and window replacement phases only

° Characterize airborne dust lead levels in rooms adjacent to "activity rooms" (rooms
in which the R&R activity occurs) while the activity is in progress.

In a separate evaluation

° Determine the effect that typical cleanup procedures have on lead loadings in settled
dust that remains following the activity as a lead exposure to occupants.

B. Assess Factors or Measurements Related to Lead Disturbance

° Characterize the extent to which lead disturbance and exposure are affected by
indicators of lead contamination in the dwelling unit, extent of exposure to the
activity, and building characteristics. (Depending on the study phase, indicators
include lead loadings in settled dust existing prior to the start of activity, available
lead loadings on painted surfaces disrupted by the activity, distance of sample
location from the activity, type of substrate disturbed, and elapsed time in which the
activity took place.)
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° Quantify the components of total variability in lead measurements taken within
samples of various media. (Variance components could constitute variability
attributable to sampling across different dwelling units, sampling from different
locations or workers within the same unit, or sampling from different areas within the
same location.)

The following data analysis objectives, grouped as a third category, were devised to provide
information to aid in the design and development of future lead exposure studies:

C. Evaluate Different Media and Methods as Indicators of Lead Exposure

Carpet removal and window replacement phases only

° Compare settled dust lead loadings on stainless steel dustfall collectors (SSDCs)
introduced prior to the start of activity with baseline-adjusted settled dust lead
loadings directly from the floor surface

° Compare lead loadings from settled dust samples collected one hour following
completion of activity with loadings from samples collected at two hours following
completion of activity

° Compare lead loadings from settled dust samples collected using vacuum techniques
with loadings for samples collected using wipe techniques

° Examine correlations between lead measurements among different collection media.

CED phase only

° Investigate the potential for cross-contamination between activities.
Data analyses addressing the first three objectives within Category C provide information to
evaluate competing sampling methodologies as presented and analyzed in Chapter 7. The
remaining objectives are addressed by the analyses presented in Chapter 8 for each R&R activity.

6.2 APPROACH TO DATA ANALYSIS

Most of the data analysis objectives and the approaches taken to analyzing the data were
consistent across the study phases. Data analysis in the EFSS was centered on characterizing the
distributions of lead levels in various media affected by each of the target R&R activities.

Variability in lead measurements was characterized as a function of sampling from different units,
from different locations/workers with a unit, and from different areas within the same location.

The extent of correlation present between lead loadings in settled dust and personal/ambient air
lead levels, and between lead exposure and building and activity characteristics, was investigated.
All statistical analyses and data summaries were performed using Versions 6.03 and 6.08 of the
SAS® System.
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Lead levels as determined from analytical methods performed on the environmental field
samples were expressed in terms of loadings and/or concentrations. For personal air and ambient
air cassette samples, lead levels were expressed as concentration of lead per cubic meter of air
sampled (ug/m ). For each settled dust sample, lead loadings expressed the amount of lead (g)
per unit area (square foot) sampled. For the purposes of this study, dust lead loading provides a
measure of the total amount of lead disturbed in a specified area by the studied R&R activity. For
vacuum dust samples, lead concentration was also reported, representing lead amounts (pg) per
unit weight (g) of dust. However, while lead concentration in dust provides information to
characterize the nature of the exposure and to provide insight into appropriate avoidance or
cleanup practices, concentration data provide no indication of the total amount of lead disturbed
by the activity. Because the primary objective of the study was to characterize the amount of lead
disturbed and the potential human exposure associated with an activity, loadings were emphasized
in the statistical evaluation of lead disturbance in each phase of the EFSS. For settled dust
samples, statistical comparisons and modeling were performed on loadings, while only data
summaries were performed on concentrations and physical sample weights. For personal and
ambient air samples, statistical analysis was performed on the reported lead concentrations.

Personal exposure monitoring during R&R activity provides data on the amount of lead per
volume of air sampled within the breathing zone of a monitored worker. These data represent
average exposures over the duration of an activity period and are referred to in this document as
task-length averages (TLA)N ug lead per cubic meter of air). Exposure data are calculated from
the amount of lead collected within the sample cassette(s), the duration of monitoring, and the air
pump flow rate. The TLA for a worker performing a given R&R activity at a study unit is
calculated as follows:

total lead across all cassettes at a unit for a worker
(duration of task)-(flow rate)

TLA =

This approach to calculating the TLA for personal exposure monitoring was followed in each
study phase of the EFSS.

6.2.1 Common Approaches Taken Within Each Study Phase

Log Transformations

Throughout the EFSS, analysis of lead loading or concentration data was performed after
taking a natural-logarithm (or "log") transformation of the data. In many standard statistical
inference procedures, the assumption of normally distributed data is necessary to make accurate
inferences on the central tendency and variability within the data distribution. In this setting, lead
loadings and concentrations appeared to originate from skewed distributions. The arithmetic
mean is heavily influenced by large data values in the upper tail of the distribution, and therefore
may not be an appropriate representation of the central tendency of the data. However,
distributions of the log-transformed data more closely resembled a normal distribution (as
determined through normal probability plots and results of the Shapiro-Wilk test for normality).
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In such a situation, if the arithmetic mean of the log-transformed data is calculated and then
exponentiated, the result (called the "geometric mean") is an estimate of the median of the
distribution of untransformed data. Thus, due to lognormality, the geometric mean is an estimate
of the central tendency of the distribution and is more robust to outliers than the arithmetic mean.
As a result, summaries of lead loadings and concentrations within each phase are based on
geometric means and on variability associated with log-transformed data. These summaries,
which also include minimum and maximum observed data values, are presented in tabular form
within Appendix A.

Pearson Correlation Coefficients

The Pearson correlation coefficient was calculated to quantify the extent to which linear
relationships were present between a pair of measurements. Values of the correlation coefficient
close to one indicates a positive correlation, while values near -1 represent negative correlation.
Statistical tests for nonzero correlation were executed to determine whether the coefficient differs
significantly from zero at the 0.05 level.

Statistical Modeling

Statistical models were fitted to lead levels in various media to evaluate the effects of
external factors (calledovariate3 on these data. For example, models within the carpet removal
phase included the effects of pre-activity lead loadings in the carpet and on the floors. F-tests
were performed to determine whether specific covariates had statistically significant effects on the
modeled data at the 0.05 level. Statistical models were also fit that included exclusively random
effects, such as a dwelling unit effect, to determine the contribution to overall variability in the
study data which could be explained by these effects. Further detail on the approach to statistical
modeling is presented in Appendix C. In some instances, small numbers of data points restricted
the extent to which model effects could be characterized within statistical models.

Fitting linear statistical models to log-transformed data affects how the modeling results are
interpreted relative to the untransformed data. In this study, the modeled data (i.e., log-
transformed data) are expressed as a linear combination of fixed and random factors. Therefore,
the models are considered "additive" models relative to the log-transformed data. However, by
exponentiating both sides of the model equation, one sees that the models express the
untransformediata as a multiplicative function of the model effects. That is, the effect of a single
factor is measured by its multiplicative influence on the untransformed data, and comparisons
among factor effects are expressed in terms of ratios of geometric means rather than as
differences in arithmetic means.

Boxplots
In each study phase, results of data analysis were summarized in tabular and graphical form.

Graphical displays were used to ease interpretation and comparison among sample types. Two-
dimensional scatterplots illustrate correlations present among pairs of measurements and portray
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data values across the study by study unit and location within unit. Boxplots display percentiles
and other statistics, as well as extreme data points, in the form presented in Figure 6-1.

10000 - .
1000-

1@@;

10-

Figure 6-1. Example of a Boxplot

The lower and uppdimits of the "box" portion of the boxplot represent the 25th and 75th
percentiles, respectively, of the observed data distribution. The length of the box represents the
data's interquartile range (IQR), or the difference between the 25th and 75th percentiles, which is
an indicator of data variability. The horizontal line within the box is the 50th percentile, or
median. The diamond symbol is the arithmetic mean. Vertical lines extend from the top (or
bottom) of the box to the value of the most extreme data point which falls within 1.5 IQRs from
the box. Each data point extending from 1.5 to 3.0 IQRs from the box is plotted with a "+"
symbol, while each data point extending beyond 3.0 IQRs from the box is plotted with a "*"
symbol.

6.2.2 Estimating Lead Disturbance in a 6 x 1" Gradient Region

In this study, a statistic was developed to characterize lead disturbance (and potential
exposure to occupants) associated with a specific R&R activity. Taking into account the
relationship between the amount of lead in the environment and the distance from the activity, this
statistic estimated the amount of lead exposed (or disturbed) along a 6-foot line (lead gradient)
emanating from the activity source. For each activity, a statistical model (Leds2"9 was
fitted to express lead levels in settled dust as a function of distance from activity. Details on the
model fitting process are provided in Section C.5 of Appendix C. An example of the fitted model
is given in Figure 6-2.
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From this model, lead exposure for an activity is quantified by calculating the area under the
fitted curve from O to 6 feet from the activity. This measure represents an estimate of the amount
of lead present in a 6-foot by 1-foot column extending from the activity (Figure 6-2). Throughout
the report, this measure will be referred to as the amount of lead in a 6' x 1' gradient region. The
6-foot distance was selected based on distance considered in the sampling design. For each
activity, uncertainty in the amount of lead within a 6-foot by 1-foot column was expressed by
calculating an approximate 95% confidence interval on the estimated amount.

Dust Pb (ug)

7500 1

5000 1

2500 1

Figure 6-2. Portrayal of Model Predicting Lead Exposure as a Function of Distance from
R&R Activity

Two alternative calculations to characterizing lead disturbance and potential exposure to
occupants were considered but not implemented in this study: 1) a weighted combination of
estimated lead amounts at one and six feet from the activity, and 2) total volume of lead exposed
within a hypothetical (6 by 12 foot) area adjacent to the activity. The development of a
weighting scheme for the 1- and 6-foot estimates involved assumptions about potential cleanup
activities and occupant behavior. For example, is a greater exposure potential posed by lead six
feet away from the activity than lead one foot away? Given the limited existing information upon
which to base such assumptions, this calculation was rejected. The total volume measure would
have provided an interesting measure of lead exposure but required assumptions about the
character of the dust dispersion resulting from the activity. For example, would dust generated by
sawing through plaster disperse symmetrically from the cutting area? What would be the shape of
the response surface that would characterize dispersion over a two-dimensional area? Since the
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EFSS was not designed to assess such questions, these assumptions would have been based on
field experiences and mathematical convenience, and therefore this estimation scheme was
rejected.

6.2.3 Significant Digits

Laboratory results from the chemical analyses of samples collected in this study were
reported to five significant digits. However, the precision of most analytical methods employed in
the analyses would suggest that the analytical data have less than five significant digits.
Therefore, all results in this report are reported to three significant digits. Descriptive statistics
and results reported in tables in the Appendices present all digits as calculated.
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7.0 METHODOLOGY ISSUES AND RESULTS

As discussed in Section 4.3, the method used in the EFSS for obtaining settled dust samples
from floors differs from the standard "pre- versus post-activity sample" method taken in previous
studies. Inthe EFSS, stainless steel dustfall collectors (SSDCs) were placed on the floor
immediately before the start of an activity, and a single dust sample was collecteédtom
SSDC at specified time points following conclusion of the activity. An investigation was
conducted to evaluate the different approaches to collecting dust samples, relative to their ability
to recover and estimate lead loadings in settled dust. This chapter presents the findings of this
evaluation.

Section 7.1 compares lead loadings from SSDC dust samples versus those from paired dust
samples taken via the standard method of sampling directly from the floor surface (post- minus
pre-activity). Section 7.2 evaluates the amount of time necessary to allow lead-dust to settle
following conclusion of the activity before sample collection. Lead loadings of SSDC samples
collected via vacuum techniques are compared to those collected via wipe techniques in Section
7.3. Finally, Section 7.4 addresses differences in lead loadings between adjacent ("side-by-side")
samples, and how these differences may indicate whether taking the first sample unduly influences
the outcome associated with the second sample.

7.1 STAINLESS STEEL DUSTFALL COLLECTORS VS. POST- MINUS PRE-ACTIVITY FLOOR
DUST METHOD

In the carpet removal and window replacement phases of the EFSS, two competing
approaches to measuring the lead disturbed by the R&R activity were compared. Both
approaches yielded estimates of lead levels in dust that settled on floors during the activity and up
to one hour following the activity's completion. The protocols for the sampling approaches, both
employing vacuum dust sampling techniques, were as follows:

° Post- minus pre-activity floar Collect two samples directly from the floor surface,
where one sample was taken immediately prior to start of the activity (baseline) and
the other was taken at one hour following the activity's conclusion from an area
adjoining the first sample area. Dust lead levels are estimated by subtracting the pre-
activity result from the post-activity result.

° Stainless steel dustfall collectors (SSD(Place a clean, uncontaminated SSDC on
the floor surfacemmediately prior to start of the activity, and collect one dust
sample from the SSDC surface at one hour following the activity.

The first sampling approach (floor dust) has been taken in a number of previous programs to
measure settled dust levels resulting from some activity. The second approach (the SSDC)
addresses the same objective, but does not require an adjustment for a baseline level, thereby
using only one dust sample rather than two to estimate lead levels. For this reason, it was
expected that variability attributable to spatial trends and biases, sampling, and analysis would be
reduced by use of the SSDCs.
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In both the carpet removal and window replacement phases, each sampling location
containing a SSDC for post-activity dustfall sampling also contained two one-square-foot areas
for pre- and post-activity floor dust sampling. Plots of the SSDC lead loadings versus the post-
minus pre-activity floor dust loadings at the same location indicate that loadings from the post-
minus pre-activity floor dust method cover a much larger range than the SSDC lead loadings.
The plot for carpet removal is shown in Figure 7-1. Figures 7-2 and 7-3 show the plot for
window replacement samples collected at zero feet and six feet from the window, respectively.
Figures 7-1 and 7-3 show the large discrepancy in the variability between SSDC and floor
samples. The range of post- minus pre-activity floor loadings required the horizontal axes of
these plots to be broken to more clearly illustrate all the data.

g & 8

1—Hour SSDC Dustfall Loading (ug/t2)
N
3

-200 0 200 400 600 800 3000 5000 7000
Post—Pre Floor Loading Difference (ug/t2)

SSDC = Stainless Steel Dustfall Collector

Figure 7-1. Lead Loadings (ug/ft?) for 1-Hour Stainless Steel Dustfall Collector Samples
Versus the Difference in Loadings Between Post-Activity and Pre-Activity Floor
Dust Samples in the Carpet Removal Phase

Additional plots of the observed SSDC sample loadings and post- minus pre-activity floor
loadings are found in Figure 7-4 for carpet removal and Figures 7-5a and 7-5b for window
replacement. These pldlisstrate the difference in magnitude of variability between the two
sampling methods on a unit-by-unit basis. It should be noted that the variability observed in the
EFSS for side-by-side floor samples is similar to what has been observed in previous studies.
EPA's Comprehensive Abatement Performance Study (CAPS) (Battelle, 1994) estimated the log
standard deviation of for floor side-by-side sample loadings to be 0.93, similar to that observed in
the EFSS. NIOSH's Ohio University study reported coefficients of variation over 50 percent for
side-by-side wipe samples, again indicating high expected variability (NIO#33). Moreover,
from a statistical standpoint, it is expected that variability would be reduced when using the SSDC
methodology, since the SSDC method involves the variability of a single measurement
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Figure 7-2. Lead Loadings (ug/ft?) for 1-Hour Stainless Steel Dustfall Collector Samples
Versus the Difference in Loadings Between Post-Activity and Pre-Activity Floor
Samples Taken Zero Feet from the Windows in the Window Replacement Phase
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Figure 7-3. Lead Loadings (ug/ft?) for 1-Hour Stainless Steel Dustfall Collector Samples

Versus the Difference in Loadings Between Post-Activity and Pre-Activity Floor
Samples Taken Six Feet from the Windows in the Window Replacement Phase
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Figure 7-4. Lead Loadings (ug/ft?) for 1-Hour Stainless Steel Dustfall Collector Samples, and
the Difference in Loadings Between Post- and Pre-Activity Floor Dust Samples in
the Carpet Removal Phase
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Figure 7-5a.
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Figure 7-5b. Lead Loadings (rg/ft?) for 1-Hour Stainless Steel Dustfall Collector Samples,

and the Difference in Loadings Between Post- and Pre-Activity Floor Samples,
Collected at Six Feet from the Windows in the Window Replacement Phase

rather than the additive variability of a linear combination of two measurements. The SSDC also
eliminates the possibility of negative values (post minus pre) that can occur with side-by-side
samples but are not reasonable estimates of the amount of lead disturbed by an activity.

Preference for using the SSDC approach over the post- minus pre-activity floor approach is
further supported by the high linear correlation between the lead loadings from SSDC dust
samples and the lead concentrations from worker personal air samples. A correlation of 0.98 was
observed between these two measurements in the carpet removal phase, and a correlation of 0.94
was observed in the window replacement phase. Both correlations were higher than the
corresponding correlations between personal exposure concentrations and post-activity floor
loadings. These findings, presented in more detail in Chapter 8, support the hypothesis that the
SSDC approach yields a better measure of the lead disturbed by the R&R activity than the post-
minus pre-activity floor approach.

In summary, the SSDC methodology was judged to be superior to the post- minus pre-
activity floor sample approach for the following reasons:

1.

The SSDC method exhibited less variability, consistent with expectations from
previous experience and statistical theory.

The SSDC method does not produce negative estimates of the amount of lead
disturbed by an activity.
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For these reasons, a decision was made to base estimates of the amount of lead disturbed by a
specific R&R activity on the results of samples taken from SSDCs. As a result of this decision,
only the SSDC method for estimating the lead generated by an R&R activity was used in the third
phase of the EFSS, the Controlled Experimentally-Designed (CED) phase.

7.2 STAINLESS STEEL DUSTFALL COLLECTORS: COLLECTING SAMPLES 1 HOUR VS. 2
HOURS AFTER R&R ACTIVITY

When defining the post-activity settled dust sampling approach, the study team had limited
information available in assigning a wait time to allow sufficient fallout of lead dust prior to
sample collection. Preliminary calculations based on particle physics indicated that roughly 90%
of lead particles greater than five um that are disturbed as a result of R&R activity should settle
within one hour, even in turbulent air situations. As a result, the one-hour post-activity settled
dust sample from SSDCs was chosen as a reasonable indicator of lead disturbance in the R&R
study. However, it was of interest to test whether a one-hour wait was adequate, or whether
allowing a longer period of time for dust to settle would result in significantly higher lead
loadings. Therefore, at selected floor locations in the carpet removal and window replacement
phases, two SSDCs were placed side-by-side. One SSDC was sampled at one-hour post-activity,
and the other at two-hours post-activity. The lead loadings between the side-by-side samples
were compared to determine the magnitude of additional dustfall that occurs over a period of two
hours compared to one hour.

Figure 7-6 presents a scatterplot of the difference in loadings between the paired two-hour
and one-hour samples versus the difference in elapsed wait time between the two samples. Due to
the pace of the field activity and the number of samples collected, samples could not be taken
exactly at the time they were scheduled following the activity. At a given location, the difference
in elapsed wait times between the one-hour and two-hour samples ranged from 20 to 72 minutes;
most time differences ranged from 40 to 60 minutes. Figure 7-6 indicates no apparent increasing
trend in the differences in lead loadings as the difference in elapsed wait time increases (fitted
regression lines were not significantly different from the horizontal line at difference = 0). In fact,
the differences in sample results for three of the four sample pairs with the largest elapsed wait
times are close to zero. However, the plot does show that in 24 of the 36 paired samples (67%)
the two-hour sample loading is larger than the one-hour sample loading. In only one sample pair
does the one-hour loading exceed the two-hour loading by greater than 50 pg/ft , while the two-
hour loading exceeds the one-hour loading by greater than 50 pg/ft for ten pairs. Since an effect
of the exact sampling time cannot be detected, a simple categorical classification of results into
one-hour and two-hour samples was maintained.

Figure 7-7 is a log-log scatterplot showing the relationship between the paired two-hour
and one-hour lead loadings among the study units in the carpet removal and window replacement
phases. The solid line within the plot corresponds to equality between the two responses. This
plot further illustrates that two-thirds of the sample pairs had higher lead loadings for the two-
hour sample compared with the adjoining one-hour sample. This outcome supports the
hypothesis that loadings tend to increase during the additional hour wait. Based on the analysis of
pre/post floor dust samples, one might anticipate that much of the difference between the
adjoining one-hour and two-hour sample results is due to spatial variability. However, a strong
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Figure 7-6. Difference in Loadings Between Two-Hour and One-Hour SSDC Samples (Two-
Hour Minus One-Hour) Versus the Difference in Elapsed Wait Times Between
the Two Samples, for Carpet Removal (c) and Window Replacement (w) Phases
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Figure 7-7. Two-Hour SSDC Lead Loadings Versus One-Hour SSDC Loadings for the Carpet
Removal (c) and Window Replacement (w) Phases
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linear relationship, though not centered around the line of equality, was observed between the two
results in Figure 7-7. The Pearson correlation was 0.85 between the one- and two-hour lead
loading results (after taking logarithms). As a result, the extent of differences between adjoining
one- and two-hour lead loadings appears to be consistent across the range of observed data, with
higher readings associated with the two-hour results.

To further characterize the statistical relationship between the one-hour and two-hour lead
loadings from adjoining sample areas, a paired t-test was performed to determine whether the
difference in the log-transformed loadings at a location was significantly different from zero (or
equivalently, that the ratio of untransformed loadings at a location was significantly different from
one). Data were pooled across the carpet removal and window replacement phases for this test.
The p-value resulting from the paired t-test was 0.008, indicating that the difference in the log
lead loadings between one- and two-hour lead loadings was highly significant statistically. Similar
results occurred when the Wilcoxon signed-rank nonparametric test was applied. These results
are equivalent to concluding that the geometric mean of the ratio of 2-hour to 1-hour lead
loadings is significantly different from one. The estimated geometric mean is 1.57, which is an
estimate of the median ratio. Therefore, there is statistical evidence that waiting two hours after
an activity leads to increased lead loadings. Since statistical comparisons between activities within
the EFSS were based only on one-hour dustfall measurements (Chapters 8 and 9), effects due to
elapsed wait times do not enter into the comparisons.

7.3 COLLECTING SAMPLES VIA VACUUM TECHNIQUES VS. WIPE TECHNIQUES

For a given R&R activity, lead loadings from dustfall samples collected via vacuum
techniques were used to statistically characterize lead disturbance and potential lead exposure to
occupants. Using pre-moistened wipes to collect settled dust samples is a competing sampling
collection procedure that was employed in previous lead exposure characterization studies. The
vacuum and wipe sampling techniques from SSDCs were compared within the EFSS by analyzing
data from paired dust samples, where one sample in each pair was collected from an SSDC using
wipe techniques and the other from an adjoining SSDC using vacuum techniques. Paired
vacuum/wipe sampling was performed for carpet removal and for the demolition of plaster walls
within the CED phase. Differences between paired vacuum and wipe results were statistically
analyzed across the two activities.

In the carpet removal phase, two pairs of vacuum/wipe samples were collected within each
of the eight study units, providing 16 sample pairs. All 32 samples were collected from locations
immediately adjcent to rooms where carpet removal activity occurred. In the CED phase, 12
pairs of vacuum/wipe samples were collected following wall demolition within the two Baltimore
units. These pairs were collected at distances ranging from 6 to 10 feet from the demolished wall
one hour following conclusion of the R&R activity.

7-8



The scatterplot in Figure 7-8 includes lead loadings for dust samples within the
wipe/vacuum sample pairs in the carpet removal and CED phases. Results from the same pair are
plotted immediately above and bel@ach other. The extent of a linear relationship between the
(log-transformed) wipe and vacuum sample results within a pair is illustrated in Figure 7-9, where
wipe loadings are plotted versus vacuum loadings.
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Figure 7-8. Plot of Lead Loadings for Paired Vacuum/Wipe Samples at Each Location and
Study Unit in the EFSS

The correlation coefficient between (log-transformed) vacuum and wipe sample results in
Figure 7-9 is 0.83, which is highly significantly different from zero (p=0.0001). Thus, as
expected, a strong positive relationship exists between log-transformed vacuum and wipe loadings

at a given location.

For the carpet removal phase, both wipe and vacuum loadings appear to have similar
variability and cover approximately the same ranges (the stars in Figure 7-9). However, in the
CED phase, variability among vacuum sample loadings was substantially higher than for wipe
sample loadings. This is evident in Figure 7-9, where the CED data (the circles) cover a wider
range horizontally than vertically. This result may indicate that wipe sampling is less sensitive
than vacuum sampling in environments with considerable amounts of dust, especially in situations
where the wipes may become saturated with dust.
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Figure 7-9. Plot of Wipe Sample Loading Versus Vacuum Sample Loading for Paired
Samples in the EFSS

The solid line in Figure 7-9 represents the line of perfect agreement between wipe and
vacuum sample results. In the carpet removal phase, 11 of the 16 pairs (69%) had higher loadings
for the wipe sample than for the vacuum sample. For 10 of these 11 pairs, the vacuum sample
loadings were less than 30 pg/ft . In the CED phase, 6 of 12 pairs had higher results for the wipe
sample, as vacuum samples were more highly variable in both directions from the median of the
wipe loading data. Generally, vacuum and wipe sample loadings were higher in the CED phase
than the carpet removal phase, as seen in Figure 7-8. This figure also suggests that wipe methods
may provide higher recoveries at low loadings, whereas vacuum methods may provide higher
recoveries at high loadings.

To statistically characterize the relationship in dust lead loadings between adjoining wipe
and vacuum samples collected one hour post-activity, a statistical model was fitted to the data in
Figure 7-8 (data from 28 vacuum/wipe pairs). The statistical model assumes that this relationship
is log-linear:

In{loading ) = In{a) + BIn{loading .} + error

vacuum wipe

wherec. andf} are unknown parameters. Statistical methods took into account that loadings for
both sample types are subject to errore #ndf both equal one, then the log-loading for the
vacuum sample differs from the log-loading for the adjoining wipe sample by random eror. If
is not equal to one, then the vacuum log-loading is consistently different from the wipe log-
loading by an amount equal todf)( If  is not equal to one, the extent of the difference between
the two results changes with the magnitude of the measurements.
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The estimate of in the above model was 1.04, with a standard error of 0.14. [Jhues
declared not significantly different from one (p=0.79), concluding that any difference between the
wipe and vacuum loadings was assumed constant across the observed measurements. The
estimate ofx was 0.88, with an approximate 95% confidence interval of (0.57, 1.35). This
estimate is less than one, reflecting the decreased vacuum sample loadings relative to the wipe
sample loadings, as seen primarily in the carpet removal data. However, its 95% confidence
interval contains 1.0, implying that the estimate is not significantly different from one at the 0.05
level. Therefore, there is no statistical evidence (given the observed data) that the results for
paired wipe and vacuum samples differ significantly.

7.4 COMPARING RESULTS BETWEEN SIDE-BY-SIDE SAMPLES

In each of the three R&R phases (carpet removal, window replacement, and CED phases),
additional lead dust samples were collected from areas adjoining "regular" sample areas at
selected sampling locations. These samples, simulating field duplicates, were labeled "side-by-
side" samples, and were taken from floors and SSDC surfaces. Because the sample areas between
a regular and side-by-side sample were adjoining, and the same sampling technique was used to
collect both samples, any spatial variability between the two sample results was assumed to be
minimized. Also, both samples were collected within a few minutes of each other at specified
times during the activity process. As a result, one expects any differences between the two results
to reflect only variability in the sample collection and measurement processes. However, in the
summary and analysis of loading data obtained from vacuum dust sampling, the first sample
collected within a pair had consistently higher results than the second sample collected.

Figure 7-10 presents a log-log scatterplot of loadings between the first sample collected
versus the second sample collected for each regular/side-by-side pair collected in the study, when
vacuum sampling techniques were used. The majority of points in this plot fall abové time 45
indicating that the first sample collected in a pair was consistently higher than that of the second
sample collected.

For settled dust loadings, concentrations, and physical sample weights, Tables D-2a
through D-2c in Appendix D (one table for each study phase) list the results of regular and side-
by-side sample pairs as well as the differences in results between two samples in a pair. Results
are listed according to whether the sample was collected from a floor or SSDC surface, and
whether the sample was collected pre- or post-activity. In each of these breakdowns, loadings for
the first sample collected were larger than for the second sample collected in a majority of the
sample pairs.

To test the hypothesis that the results for the first sample taken from two adjoining sample
areas were significantly different from results for the second sample taken, two statistical tests
were performed. First, a binomial test was performed to test whether the percentage of sample
pairs having larger results in the first sample collected was significantly different from 50%. Next,
a Wilcoxon signed-rank test was performed to determine whether the first result minus the second
result (i.e., the differences in Tables D-2a through D-2c¢) was significantly different from
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Figure 7-10. Lead Loadings for Adjoining Samples Collected via Vacuum Techniques
(Sample Collected First Versus Sample Collected Second)

zero. The results of these tests are included in Table 7-1, where symbols indicate whether
statistical significance was observed at the 0.05 level. Significance was seen for sample loadings
in pooled sample pairs for the carpet removal and window replacement phases, as well as across
all phases. Significance was not as apparent for sample concentrations and weights. A lack of
significance in some cases may be the result of low statistical power to detect differences, due to
the small sample size.

As a result of the investigation of side-by-side data in the EFSS, it is hypothesized that
taking a vacuum dust sample may bias lead loadings that exist in adjoining areas. This conclusion
affects the interpretation of side-by-side vacuum sampling designs that are applied to simulate
field duplicates or to observe pre- and post-activity lead levels. However, a more detailed study
that solely addresses this hypothesis is necessary to make such a conclusion with sufficient
confidence.



Table 7-1. Percentage of Sample Pairs (Regular and Side-by-Side QC Samples) Where
Result for the First Sample Collected Was Different From the Result for the
Second Sample Collected (Vacuum Samples Only)
Floor Samples (Pre- | Floor Samples (Post- SSDC Samples™
Phase Activity) Activity) (Post-Activity) All Samples
Sample Loadings
Carpet Removal 62.5% (5/8) 75.0% (6/8) 68.8%' (11/16) 68.8% *' (22/32)
Window 66.7% (2/3) 100% (3/3) 100% (3/3) 88.9%*"' (8/9)
Replacement
CED 55.6% (5/9) 55.6% (5/9)
All Phases 63.6% (7/11) 81.8%" (9/11) 67.9%' (19/28) 70.0% *" (35/50)

Sample Concentrations

Carpet Removal 62.5% (5/8) 50.0% (4/8) 56.3% (9/16) 56.3% (18/32)
Window 100% (3/3) 33.3% (1/3) 33.3% (1/3) 55.6% (5/9)
Replacement
All Phases 72.7%"' (8/11) 45.5% (5/11) 52.6% (10/19) 56.1% (23/41)

Sample Weights

Carpet Removal 50.0% (4/8) 75.0% (6/8) 68.8% (11/16) 65.6% (21/32)
Window 0.0% (0/3) 100% (3/3) 66.7% (2/3) 55.6% (5/9)
Replacement
All Phases 36.4% (4/11) 81.8% (9/11) 68.4% (13/19) 63.4% (26/41)

* Percentage is significantly different from 50% at the 0.05 level by the binomial test.
t Results of the first sample taken are significantly different from the results of the second sample taken, at

the 0.05 level according to the Wilcoxon signed rank test.
M Stainless steel dustfall collectors




8.0 STUDY RESULTS FOR INDIVIDUAL PHASES

This chapter presents the results of data summary and statistical analysis of environmental
exposure data collected in the EFSS. Each phase in the EFSS was a substudy in itself, with
specific sampling designs and data organization. Consequently, the study designs and results for
each phase are presented as stand-alone sections, as follows:

Section 8A — Carpet removal phase

Section 8B — Window replacement phase

Section 8C — Controlled, Experimentally-Designed (CED) phase.

Data summaries and statistical analyses in these three sections were centered around data
analysis objectives (see Section 6.1) established for the EFSS. Analysis to address objectives on

sampling methodology evaluation was presented in Chapter 7.

Two additional sections in this chapter document other types of data collected and/or
summarized to address issues concerning study objectives:

Section 8D — Cleanup Investigation. Determine the effects associated with two types
of post-activity cleanup procedures on reducing settled dust lead levels
following R&R activity.

Section 8E — Data from Other Sources. Summarize data obtained from other extant
sources that relate R&R activities to lead exposures.

The appendices to this report (Volume Il) provide supporting information to the main

results presented in this chapter. Supporting information includes additional data summaries and
detailed discussion of statistical methods.
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8A-1.0 STUDY DESIGN IN THE CARPET REMOVAL PHASE

Chapter 4 presented aspects of the EFSS study design that were common across all
phases. This section presents specific details of the study design as it was applied in the carpet
removal phase. This section also presents characteristics of the eight dwelling units monitored in
this phase.

8A-1.1 SAMPLING DESIGN FOR THE CARPET REMOVAL PHASE

The sampling design for the carpet removal phase was developed to address the objectives
presented in Section 6.1. Table 8A-1 presents the proposed types and numbers of environmental
field samples (both regular and QC samples) collected within eadindwait. These samples
included the following:

® Personal exposure sampléaken during the activity
® Ambient air samplesaken during the activity
e Settled dust sampldaken before the activifyom the carpet to be removed

e Settled dust sampldaaken before and after the actiitgm floor and window sill
surfaces

e Settled dust samplasaken following completion of the activifyom stainless steel
dustfall collectors (SSDCqg)laced on the floommediately prior to the activity.

Three vacuum dust samples were collected prior to the start of the activity from the carpet
to be removed. The Battelle field team leader selected the sample locations from the entire area
of carpet to be removed, in an attempt to represent average carpet debris across the activity area
in the unit. Areas with unusually high amounts or types of debris were not considered. A given
dust sample was collected from a total area defined by’a 1-ft steel template, and lead content of
all these samples was used as a covariate in the statistical analysis to predict lead exposure which
can result from carpet removal.

Dust samples from floors and SSDCs were collected at three distinct locations in each
unit. The locations (labeled L1, L2, L3) were in "adjacent areas" or areas outside of, but at the
entrance to, an activity room. The sampling plan called for the three locations to be randomly
distributed among adjacent areas throughout the unit; however, the locations were also dictated
by logistical constraints, such as the ability obadpnt areas to accommodate the total area
required for dust sampling (from 5 to 8 square feet). Sampling locations were partitioned into
five, six, or eight subareas, each one square-foot in arflastaated in Figure 8A-1. A single
settled dust sample was collected from each subarea at a specific time during the activity.
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Table 8A-1. Numbers and Types of Environmental Samples (Regular and QC) Proposed in
the EFSS Carpet Removal Phase Within Each Study Unit

Regular Samples

When Sample # Samples
Was Taken Sample Collection Method Sample Type/Location” Proposed
Settled dust (Floor) 3
o Vacuum Settled dust (Window sill) 2
Pre-activity
Settled dust (Carpet surface) 3
Ambient air pump Ambient air 1
) o Personal air pump Personal air (R&R workers) 2
During activity - - - - -
Ambient air pump Ambient air (adjacent room) 2
Settled dust (Floor) 3
1-hr. Post- Vacuum Settled dust (SSDC) 3
activity Settled dust (Window sill) 2
Wipe Settled dust (SSDC) 2
2°hr. Post- Vacuum Settled dust (SSDC) 3
activity
Total 26
Field QC Samples
When Sample # Samples
Was Taken Sample Collection Method Sample Type/Location” Proposed
SBS settled dust (Floor) 1
Vacuum .
Field blank 1
Pre-activity Wipe Field blank 1
Personal air pump Field blank 1
Ambient air pump Field blank 1
v SBS settled dust (Floor) 1
i _ acuum
1-hr. Post SBS settled dust (SSDC) 1
activity
Wipe SBS settled dust (SSDC) 1
2°hr. Post- Vacuum SBS settled dust (SSDC) 1
activity
Total 9

" SSDC = stainless steel dustfall collector
SBS = sample taken side-by-side with a regular sample

Immediately prior to the start of carpet removal, the field team collected one vacuum dust
sample within a one-square-foot area of the floor surface in each of the three sampling locations
designated in Figure 8A-1. The field team also collected one vacuum dust sample from one-half
of each of two windowils located in activity rooms. Lead content of these floor and window sill
dust samples represented baseline levels which were compared to lead levels in samples taken
upon completion of carpet removal from areas adjoining the pre-activity sample areas.
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Location L1: Cell #1 Cell #2 Cell #3
Floor vacuum Stainless steel Stainless steel
(Pre-activity) surface -- vacuum surface --
(1 hr. post-activity) wipe (1 hr. post-
activity)
Cell #4 Cell #5
Floor vacuum Stainless steel
(1 hr. post- surface -- vacuum
activity) (2 hr. post-activity)
Location L2: Cell #1 Cell #2 Cell #3
Floor vacuum Stainless steel Stainless steel
(Pre-activity) surface -- vacuum surface --
(1 hr. post-activity) wipe (1 hr. post-
activity)
Cell #4 Cell #5 Cell #6
Floor vacuum Stainless steel Stainless steel
(1 hr. post- surface -- vacuum surface -- wipe (1
activity) (2 hr. post-activity) hr. post-activity)
(side-by-side)
Location L3:

Cell #1 Cell #2 Cell #3 Cell #4
Floor vacuum Floor vacuum Stainless steel Stainless steel
(Pre-activity) (Pre-activity) surface -- vacuum surface -- vacuum (1
(side-by-side) (1 hr. post-activity) hr. post-activity)

(side-by-side)

Cell #5 Cell #6 Cell #7 Cell #8

Floor vacuum Floor vacuum Stainless steel Stainless steel

(1 hr. post- (1 hr. post-activity) surface -- vacuum surface -- vacuum (2
activity) (2 hr. post-activity) hr. post-activity)

(side-by-side) (side-by-side)

Note: Due to space considerations, no wipe samples were taken at location L3. In shaded subareas,
dust samples were taken directly from the uncarpeted floor surface.

Figure 8A-1. Three Settled Dust Sampling Locations at Adjacent Areas Within Each Unit,
and the Types of Regular and QC Samples Collected Within Each Location, in

the Carpet Removal Phase
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One pre-activity ambient air sample was taken to obtain an estimate of baseline airborne lead.
Because the ambient air samples took two hours to collect, the pre-activity ambient air sample
was sometimes taken on the day prior to carpet removal.

Personal and ambient air samples were collected during carpet removal activities. Personal
exposure sampling was conducted on up to two R&R workers per dwelling unit to measure lead
levels in air within the workers' breathing zones while they were performing carpet removal.
Ambient air samples were collected in two rooms adjacent to the activity to measure lead levels in
air dust that could be inhaled by others present.

When possible, doors to rooms where ambient air samples were being collected were
closed while carpet removal was being performed.

Post-activity sampling included settled dust samples from floors, window sills, and SSDCs
positioned immediately prior to the start of the activity. At one hour following completion of all
carpet removal activities, vacuum dust samples were collected from the remaining halves of the
two window sills where pre-activity dust samples were collected. Vacuum dust samples were
collected at three floor sampling locations one hour following the activity. Samples were taken
from the floor surface and from a SSDC adjacent to the pre-activity vacuum floor dust sample
area (as indicated in Figure 8A-1).

To compare results between wipe and vacuum sampling protocols, dust samples from
SSDCs were collected at one hour following conclusion of carpet removal. These samples were
taken from locations L1 and L2 (see Figure 8A-1) using wipe sampling techniques. To evaluate
whether there was an increase in lead "fallout” in settled dust after waiting two hours rather than
one hour, dust samples were collected from SSDCs in each sample location (Figure 8A-1) using
vacuum techniques. All three samples were taken at two hours following the activity from areas
adjoining the one-hour post-activity vacuum sample area. The results of these additional samples
are presented in Chapter 7.

Table 8A-1 specifies 35 environmental samples in eacHiinlgvenit, nine of which were
field quality control (QC) samples. One field blank was taken prior to the start of carpet removal
for every sampling medium (vacuum dust, wipe dust, personal air, ambient air) to determine the
extent of contamination present during sample collection. At one settled dust sampling location
(L3), side-by-side vacuum dust samples were taken from the floor surface and from SSDCs to
allow sampling and measurement error to be characterized.

The number of samples made it was impossible to collect all settled dust samples at
precisely the time at which they were to be collected (i.e., at one hour or two hours following
completion of carpet removal). The time period for settled dust sample collection ranged from 15
minutes before to 40 minutes after the scheduled time.
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Air samples were taken at relatively high flow rates (20 L/min for ambient air samples and 5
L/min for personal air samples) in the carpet removal phase. To make these rates more
compatible with NIOSH specifications, the rates were lowered to 12.5 L/min and 4 L/min,
respectively, in later phases of the EFSS. In addition, ambient and personal air samples taken in
the carpet removal phase were collected open-faced (with the entire inlet section of the cassette
assembly removed), in contrast to the NIOSH standard method (used in later phases of the EFSS)
of removing only the inlet plug. The fact that different results could be obtained from the two
methods should be considered when interpreting the results.

More details on the sampling design, including the protocols used to collect the samples,
are given in the Quality Assurance Project Plan.

8A-1.2 UNIT CHARACTERISTICS

Field sampling in the carpet removal phase took place in eight occupiéidglweits.
Table 8A-2 provides information on these units, including the days on which carpet removal and
field sampling were performed, the rooms from which carpet was removed, and the approximate
square footage of carpet removed.

Details on the recruitment of the units are presented in Chapter 5. Table 5-2 in Chapter 5
contains summaries of pre-activity dust lead loadings from floors and window sills in these units.
Chapter 5 also contains discussions of worker characteristics. It should be noted that carpet
removal was conducted by professional abatement workers in the four Alameda County units and
by homeowners in the four St. Louis units. While the work practice of these two types of
workers may differ, they reflect the wide variety of workers conducting R&R activities.

Table 8A-2. Dwelling Units Included in the EFSS Carpet Removal Phase

Activity Areas (approx. square

Study Date of Type of R&R feet of carpet removed is in
Unit ID Activity Unit Description Workers parentheses)
1-01 06/22/93 Two-story house; Prof. Living Room (260)
Oakland, CA; Contractor Dining Room (143)
100 years old; Hall (floor 1) {90)
peeling ext. paint; Stairway (60)
rehabbed 15 yrs ago; Hall {floor 2) (72)
1-02 06/23/93 Basement apartment; Prof. Living Room (162)
Oakland, CA; Contractor Bedroom #1 (127)
100 year-old building; Bedroom #2 (149)

Int. walls 10 yrs old;
Frequent flooding
Across from highway;

1-03 06/24/93 Single-story house; Prof. Living Room (212)
Oakland, CA; Contractor Hallway (34)
50 years old;

peeling ext. paint;
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Table 8A-2. Dwelling Units Included in the EFSS Carpet Removal Phase (Continued)

Activity Areas (approx. square

Study Date of Type of R&R feet of carpet removed is in
Unit ID Activity Unit Description Workers parentheses)
1-04 06/25/93 Two-story duplex; Prof. Living Room (2586)
Alameda, CA; Contractor Dining Room (206)
75 years old; Stairway (170)
Little soil covering; Hall {level 2){100)
2-01 07/13/93 Three-story house; Nonprof. Family Room (224)
St. Louis, MO; Resident Bedroom #1 (224)
90 years old;

R&R work in progress (2nd floor
family room);

2-02 07/15/93 Two-story house; Nonprof. Living Room (168)
Webster Groves, MO; Resident Dining Room (144)
50 years old; Stairway (120)
2-03 07/14/93 Two-story house; Nonprof. Living Room (210)
St. Louis, MO; Resident Dining Room (180)
96 years old;
Brick exterior;
2-05 07/16/93 Two-story house; Semiprof. Office (120)
St. Louis, MO; Resident Bedroom (120)
60 years old; Hall (floor 1) {21)

Brick exterior;

8A-2.0 STUDY RESULTS FOR THE CARPET REMOVAL PHASE

This chapter presents the results of the statistical analysis of environmental sample data
from the carpet removal phase of the EFSS study.

Analytical data were available for statistical analysis from all environmental field samples
that were collected in the study. Table 8A-1 specifies 35 samples to be collected in each of the
eight study units, for a total of 280 samples. Of these proposed samples, 278 were successfully
collected. The two uncollected samples were personal air samples from units 2-03 and 2-05,
where both units had only a single worker conducting carpet removal activity. In addition, two
cassette samples were necessary to monitor personal air over the entire carpet removal activity for
both workers in unit 1-01 and for the single worker in unit 2-03. This resulted in three additional
samples collected making analytical data available for 281 regular and QC field samples in the
carpet removal phase. A summary of the samples collected and data received is displayed in
Table CR-1 of Appendix A.

This section presents results and conclusions of the statistical analysis of data from the

carpet removal phase. It is organized according to data analysis objectives (see Section 6.1).
Supporting discussion and materials are included as Appendices A through D.
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8A-2.1 CHARACTERIZE LEAD DISTURBANCE AND POTENTIAL LEAD EXPOSURE

Tables CR-2a through CR-6b in Appendix A contain summaries of lead concentrations in
personal and ambient air samples, and physical sample weights, lead loadings, and sample lead
concentrations in dust samples. The summaries, presented for each study unit as well as for the
entire carpet removal phase, include the arithmetic and geometric means, the standard deviation of
the log-transformed data, and the minimum and maximum observed values. As discussed in
Chapter 6, statistical analysis of dust lead levels focused primarily on log-transformed lead
loadings, or the amount of lead per unit surface area sampled.

The lead disturbance and exposure data observed in the carpet removal phase are
characterized below, according to the sample type or component sampled.

8A-2.1.1 Personal Worker Exposures

The duration of carpet removal activity (and of personal air monitoring) across the workers
in this phase ranged from 46 to 173 minutes, with an arithmetic mean of 92 minutes. Total
activity monitored included preparation, carpet removal, disposal, and cleanup (if any).
Monitoring occurred for two workers in six of the eight units, and for one worker in each of the
remaining two units, resulting in 14 estimates of personal air lead concentration. The two
workers who worked alone in a unit had the longest durations of personal air monitoring in the
study (155 and 173 minutes).

The amount of lead collected within the sample cassette(s), the air pump flow rate, and the
duration of monitoring were used to calculate a given wortasislength average (TLA)
personal air lead concentration in pug/m . The concentrations, each representing instrument data
above the detection limit, are plotted in Figure 8A-2efach study unit. A worker's TLA
exposure represents average exposure over the duration of performing the activity.

A boxplot of TLA lead concentrations is included as the rightmost boxplot in Figure 8A-3.
Descriptive statistics on personal air lead concentrations are displayed in Tables CR-2a and CR-2b
in Appendix A.

Four of the 14 monitored workers (29%) had TLA lead exposures above the OSHA PEL
of 50 pg/m . These four results occurred for the two workers in unit 1-01 (results of 51.3 and
59.9 ug/m) and for the two workers in unit 1-04 (results of 128 and 222 ug/m ). Activity in both
of these units took more than 90 minutes per worker, and the carpets were visually observed as
excessively dirty. In contrast, the TLA lead exposure among the other six study units ranged
from 0.86 to 8.44 ug/in , well below the OSHA PEL.

The arithmetic mean of the 14 worker TLA lead exposures was 35.9 pg/m . However,
because the data are more closely characterized by a lognormal distribution than a normal
distribution, the geometric mean of 8.44 uy/m is considered a better representation of the data,
as it estimates the median (or central tendency) of the data distribution.
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Figure 8A-2 illustrates that the range of TLA lead concentration data across the different
units is greater than the range of data within a unit. This result is further investigated in Section
8A-2.2.4.

8A-2.1.2 Potential Occupant Exposures to Airborne Lead

Within each unit, one pre-activity ambient air sample and two during-activity ambient air
samples were collected in the carpet removal phase. Each sample was collected for a 120-minute
duration (4 minutes). The amount of lead collected within the sample cassette, the air pump
flow rate, and the duration of monitoring were used to calculate lead concentrationin pg/m air
for each sample. The lead concentrations are plotted in Figure 8A-4 for each study unit.

Boxplots of pre-activity and during-activity ambient air lead concentrations are included in Figure
8A-3. Descriptive statistics on ambient air lead concentrations are displayed with those for the
personal worker exposure concentrations in Tables CR-2a and CR-2b of Appendix A. All
instrument data on ambient air samples were reported above the detection limit.

The leftmost boxplot in Figure 8A-3 illustrates the range of lead concentrations in ambient
air observed during pre-activity periods within each unit. The concentrations were approximately
symmetric about the arithmetic mean of 0.10 |fg/m , ranging from 0.05 to 0.17 pg/m. The
relatively low unit-to-unit variability in these concentrations indicates that the eight study units
were relatively homogeneous in their baseline airborne lead levels. Thus, no baseline adjustment
was made to the during-activity ambient air concentration prior to statistical analysis.

The lead concentrations for ambient air samples collected during carpet removal activity,
summarized by the center boxplot within Figure 8A-3, ranged from 0.06 to 13.2 ug/m with a
geometric mean of 0.33 ugfm . The maximum reading of 13.4%ug/m, flagged by statistical outlier
tests (Appendix B), was more than twice that of the next largest reading (5.36 ug/m). The
ambient air samples associated with the two largest concentrations were collected within the same
two units where the largest worker personal exposure concentrations were observed. However,
the other two ambient air concentrations observed in these units were comparable to
concentrations in the other units.

As illustrated in the center boxplot of Figure 8A-3, the arithmetic mean for during-activity
ambient air lead concentrations (1.48 ph/m ) was heavily influenced by the two largest
concentrations. The geometric mean of 0.33 fig/m , more representative of the data than the
arithmetic mean, was approximately three times higher than the geometric mean for the baseline
(pre-activity) concentrations. However, such low levels as observed here imply that the difference
is likely of little practical significance.

For one study unit, the geometric mean ambient air lead concentration during carpet

removal was less than the unit's baseline concentration. In contrast, three study units had
geometric means exceeding ten times their respective baseline concentrations.
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8A-2.1.3 Lead Disturbance and Potential Occupant Exposure to Lead In Dust

In the carpet removal phase, settled dust was collected from three types of flat surfaces to
characterize lead disturbance and potential occupant exposures to lead in dust. The three surface
types, and when they were sampled, were as follows:

° floor surfaces in adjacent rooms, sampled pre- and post-activity

° SSDCs in adjacent rooms, pladgeunediately prior to activity and sampled post-
activity

° window sills in activity rooms, sampled pre- and post-activity.

The results of analysis on settled dust samples taken from the three surface types are summarized
below.

8A-2.1.3.1 Vacuum Dust Samples Taken Pre- and Post-Activity from Floor Surfaces

Vacuum dust samples were collected from one-square-foot areas on floor surfaces prior to
the start of the activity and one hour following completion of the activity. One pre-activity and
one post-activity sample were taken from adjoining areas in three distinct locations in each unit
(Figure 8A-1). Each location was immediatelysagint to an activity room. The difference in
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lead levels between the adjoining (or paired) pre- and post-activity samples within each location
was an estimate of lead exposure in settled dust generated by carpet removal activity.

Results of vacuum floor dust sampling (physical sample weight, lead loading, and lead
concentration) are summarized in Tables CR-3a through CR-3d in Appendix A. Appendix A also
includes boxplots of lead loadings and concentrations (Figures CR-1a and CR-1b for pre-activity
vacuum floor samples; Figures CR-2a and CR-2b for post-activity vacuum floor samples). The
geometric mean sample weight increased fourfold from pre- to post-activity (from 0.03 to 0.12 g),
while the geometric mean lead concentration more than doubled (from 475 to 1080 ug/g). Larger
increases in geometric mean were observed for lead loadings, which increased nine times (from
14.4 to 130 ug/ft ) from pre- to post-activity. These increases are equivalent to the geometric
mean of the ratio of post-activity to pre-activity results at a given sample location.

Lead loading was the measurement of most interest to compare between adjoining pre- and
post-activity samples. Lead loadings at a given sample location were expected to increase as a
result of the activity. However, at five of the 24 sample locations in the study, lower lead
loadings were reported for the post-activity sample than for the adjoining pre-activity sample.

This result indicates that spatial variability and/or measurement (analytical) error were
considerable for lead loadings on floors. A plot of the difference in loadings between post- and
pre-activity samples for each study unit was presented in Figure 7-4 of Chapter 7.

Section 7.1 of Chapter 7 gives an evaluation of the relative merit of using paired pre-/post-
activity floor samples versus single samples from SSDCs to measure the amount of lead disturbed
during carpet removal. This evaluation concluded that results for dustfall samples from SSDCs
were less variable and more highly correlated with results from other sampling media, and were
thereby preferred over the pre-/post-activity floor dust results to characterize lead levels. SSDC
results are given in the next subsection.

8A-2.1.3.2 Vacuum Dust Samples from Stainless Steel Dustfall Collectors.

In addition to the floor dust samples described above, vacuum dust samples were taken
from SSDCs